FAIRCHILD SEMICONDUCTOR 



LO\A/ PO\A/ER SCHOTTKY 
AND MACROLOGIC'^^'TTL 




i9-75 



LO\A/ POXA/ER SCHOTTKY 
AND MACROLOGIC'^'^TTL 




R/^mcHi 



SEMICONDUCTOR 

464 Ellis Street. Mountain View, California 94042 



'c'1975 Semiconductor Components Group, Fairchild Camera and Instrument Corporation/464 Ellis Street, Mountain View, California 94042/(415) 962-501 1/TWX 910-379-6435 

MACROLOGIC is a trademark of Fairchild Camera and Instrument Corporation. 



TABLE OF CONTENTS 



Page 

INTRODUCTION 1-1 

General Description 1-3 

Circuit Characteristics 1-4 

Input Configuration 1-4 

Output Configuration 1-4 

Output Characteristics 1-5 

AC Switching Characteristics 1-6 

Definition of Terms and Symbols 1-7 

DESIGN CONSIDERATIONS 2-1 

Supply Voltage and Temperature Range 2-3 

Noise Immunity 2-3 

Fan-in and Fan-out 2-4 

Wired-OR Applications 2-5 

Unused Inputs 2-5 

Interconnection Delays 2-6 

DEVICE INDEX AND SELECTOR INFORMATION 3-1 

Numerical Index of Devices 3-2 

SSI Selector and Replacement Guide 3-6 

MSI Selector Guide by Function 3-1 2 

SSI DATA SHEETS 4-1 

MSI DATA SHEETS 5-1 

MACROLOGIC™ TTL DATA SHEETS 6-1 

ORDERING INFORMATION AND PACKAGE OUTLINES 7-1 

FAIRCHILD FIELD SALES OFFICES, SALES REPRESENTATIVES 

AND DISTRIBUTOR LOCATIONS 8-1 



LOVA/ PO\A/ER SCHOTTKV 
AIVID MACROLOGIC™TTL 




INTRODUCTION 



■HiiiiiiPiiii^^ 



iiiiiiiiiiBi^^ 






BSKiisa 




iii|i|8iii^;iiM 




iiiiiiiiipiiii^^ 



ORDERING INFORWMlOM^^i^^^^^ 

PACKAGE OUTLlliiSEE^^^^^^^ 




FAIRCHILD FIELD SALES OFFICES, 
SALES REPRESENTATIVES AND 
DISTRIBUTOR LOCATIONS 



I 



INTRODUCTION 



General Description - For many years TTL has been 
the most popular digital integrated circuit technology, 
offering a good compromise between cost, speed, 
power consumption and ease of use. As the price of 
TTL circuits decreased and the average IC complexity 
increased to MSI (medium scale integration), the cost 
and size of the power supply and the difficulty of remov- 
ing the heat dissipated in the TTL circuits became in- 
creasingly important factors. Recent improvements in 
semiconductor processing have made it possible to not 
only reduce TTL power consumption significantly, but 
also to improve the speed over that of standard TTL. 

Fairchild's 9LS Low Power Schottky TTL family com- 
bines a current and power reduction by a factor 5 (com- 
pared to 7400 TTL) with anti-saturation Schottky diode 
clamping and advanced processing, using shallower 
diffusions and higher sheet resistivity to achieve circuit 
performance better than conventional TTL. With a full 
complement of popular TTL functions available in 9LS 
and the new, more complex and powerful LSI MACRO- 
LOGIC™ circuits introduced in 1975, Low Power 
Schottky is destined to become the dominating TTL 
logic family. 

9LS represents more than just a conventional speed 
versus power trade-off. This is best illustrated by Fig- 
ure 1 which compares 9LS to other TTL technologies. 
Note that 9LS dissipates eleven times less power than 
9S or 74S, suffering a delay increase of only 1 .7 times. 
9L (Fairchild's Low Power non-Schottky family) by 
comparison also dissipates eleven times less power than 
74H, and 74L dissipates ten times less power than 
74N, but both suffer a delay increase of 3.4 times. 

The performance of 9LS is not just the result of Schott- 
ky clamping. 9LS is four times faster than 9L at the 
same power dissipation, while 9S and 74S are only two 
times faster than 74H at the same power. The new and 
higher level of efficiency exhibited by 9LS is made pos- 



Fig. 1 
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sible by advanced processing, which provides better 
switching transistors without any sacrifice in manfac- 
turability. 

To the system designer the advantages of this new TTL 
family are many; 

• Less supply current allows smaller, cheaper power 
supplies, reducing equipment cost, size and weight. 

• Lower power consumption means less heat is gener- 
ated, which simplifies thermal design. Packing dens- 
ity can be increasedorcooling requirements reduced, 
or perhaps both. The number of cooling fans can be 
reduced, or slower, quieter ones substituted. 

• Reliability is enhanced, since lower dissipation caus- 
es less chip temperature rise above ambient; lower 
junction temperature increases MTBF. Also, lower 
chip current densities minimizes metal related fail- 
ure mechanisms. 

• Less noise is generated, since the improved transis- 
tors and lower operating currents lead to much 
smaller current spikes than standard TTL, which 
means that fewer or smaller power supply decoup- 
ling capacitors are needed. In addition, load currents 
are only 25% of standard TTL and 20% of HTTL, 
which means that when a logic transition occurs the 
current changes along signal lines are proportionately 
smaller, as are the changes in ground current. Rise 
and fall times, and thus wiring rules, are the same 
as for standard TTL and more relaxed than for HTTL 
or STTL. 

• Simplified MOS to TTL interfacing is provided, since 
the input load current of LSTTL is only 25?^ of a stan- 
dard TTL load. 

• Ideally suited for CMOS to TTL interfacing. All Fair- 
child CMOS and most other 4000 or 74C CMOS are 
designed to drive one 9LS input load at 5.0 V. The 
9LS can also interface directly with CMOS operating 
up to 15 V due to the high voltage Schottky input 
diodes. 

• Best TTL to MOS or CMOS driver. With the modest 
input current of MOS or CMOS as a load, any 9LS 
output will rise up to within 1 V of Vqq, and can be 
pulled up to 10 V with an external resistor. 

• Interfaces directly with other TTL types, as indicated 
in the input and output loading tables. 

• The functions and pinouts are the same as the famil- 
iar 7400/9300 series, which means that no exten- 
sive learning period is required to become adept in 
their use. 



Circuit Characteristics 

The 9LS circuit features are easiest explained by using 
the 9LS00 2-input NAND gate as an example. The in- 
puVoutput circuits of all 9LS TTL, including, SSI, MSI 
and MACROLOGIC are almost identical. While the logic 
function and the basic structure of 9LS circuits are the 
same as conventional TTL, there are also significant 
differences, as explained below: 




Fig. 2. 



Input Configuration 

LSTTL is considered part of the TTL family, but it does 
not use the multi-emitter input structure that originally 
gave TTL its name. AH 9LS TTL, with the exception of 
some early designs (see Note 1), employ a DTL-type 
input circuit which uses Schottky diodes to perform the 
AND function. Compared to the classical multi-emitter 
structure, this circuit is faster and it increases the input 
breakdown voltage to 15 V. Each input has a Schottky 
clamping diode which conducts when an input signal 
goes negative, as indicated by the input characteristic 
of Figure 3. This helps to simplify interfacing with those 
MOS circuits whose output signal tends to go negative. 
For a long TTL interconnection, which acts like a trans- 
mission line, the clamp diode acts as a termination for 
a negative-going signal and thus minimizes ringing. 
Otherwise, ringing could become significant when the 
finite delay along an interconnection is greater than 
one-fourth the fall time of the driving signal. 

The effective capacitance of an LSTTL input is approxi- 
mately 3.3 pF. For an input which serves more than one 
internal function, each additional function adds 1.5 pF. 

Note 1. The 9LS03, 05, 22, 74, 109, 112, 1 13 and 114 use transistor inputs 
at present, but will be redesigned by the first part of 1976 to in- 
corporate diode inputs. 
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Output Configuration 

The output circuits of 9LS Low Power Schottky TTL 
have several features not found in conventional TTL. 
A few of these features are discussed below. 

• The base of the pull-down output transistor is re- 
turned to ground through a resistor-transistor net- 
work instead of through a simple resistor. This 
squares up the transfer characteristics since it pre- 
vents conduction in the phase-splitter until base 
current is supplied to the pull-down output transis- 
tor. This also improves the propagation delay and 
transition time. (See Figure 4) 

• The output pull-up circuit is a 2-transistor Darling- 
ton circuit with the base of the output transistor re- 
turned through a 5 kO resistor to the output terminal. 
(Unlike 74H and 74S where it is returned to ground, 
which is a more power consuming configuration). 
This configuration allows the output to pull-up to 
one VgE below Vqq ^or low values of output current. 

• As a unique feature, the 9LS outputs use a Schottky 
diode in series with the Darlington collector resistor. 
This diode allows the output to be pulled substantial- 
ly higher than Vq^ (^Q' to +10 V, convenient for 
interfacing with CMOS). For the same reason the 
parasistic diode of the base return resistor is connect- 
ed to the Darlington common collector, not to \Jqq- 
Some early 9LS designs - the 9LS00, 02, 04, 10, 
11,20,32,74, 109, 112, 113 and 1 14 -do not have 
the diode in series with the Darlington collector resis- 
tor. These outputs are, therefore, clamped one diode 
drop above the positive supply voltage {^qq). These 
older circuits also contain a "speed-up" diode that 
supplies additional phase splitter current while the 
output goes from HIGH to LOW and also limits the 
maximum output voltage to one diode drop above 
Vqq. Since this is the fastest transition even with- 
out additional speed-up, this diode is omitted in all 
new designs. 
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Output Characteristics 

Figure 5 shows the LOW state output characteristics. 
For low [q\_ values, the pull-down transistor is clamped 
out of deep saturation which contributes to speed. The 
curves also show the clamping effect when Iql tends 
to go negative, as it often does due to reflections on a 
long interconnection after a negative-going transition. 
This clamping effect helps to minimize ringing. 

The waveform of a rising output signal resembles an 
exponential, except that the signal is slightly rounded 
at the beginning of the rise. Once past this initial round- 
ed portion, the starting edge rate is approximately 
0.5 V/ns with a 15 pF load and 0.25 V/ns with a 50 
pF load. For analytical purposes, the rising waveform 
can be approximated by the following expression. 

v(t) = Vol + 3.7 [1 - exp (-t/T)] 

where 

T = 8 ns for Cl = 1 5 pF 

= 1 6 ns for Cl = 50 pF 

The waveform of a falling output signal resembles that 
part of a cosine wave between angles of 0° and 180°. 
Fall times from 90% to 10% are approximately 4.5 ns 
with a 1 5 pF load and 8.5 ns with a 50 pF load. Equiva- 
lent edge rates are approximately 0.8 V/ns and 0.4 
V/ns, respectively. For analytical purposes, the falling 
waveform can be approximated by the following ex- 
pression. 



Fig. 4. 
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v(t) = Vol + 1 -9 Mt) [1 + COS cjt] - 1 .9 Af(t-a) [1 + cos oj{t~a)] 



where 



fj{t) = for t < 
= 1 for t > 



and 



fj{t-a) = for t < a 
= 1 for t > a 



For t in nanoseconds and Cl = 15 pF, 

a = 7.5 ns, co = 0.42 
For Cl = 50 pF, 

a = 14 ns, 6J = 0.23 
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AC Switching Characteristics 

The average propagation delay of a Low Power Schottky 
gate is 5 ns at a load of 1 5 pF as shown in Figure 6. The 
delay times increase at an average of 0.08 ns/pF for 
larger values of capacitance load. These delay times are 
relatively insensitive to variations in power supply and 
temperature. The average propagation delay time 
changes less than 1 .0 ns over temperature and less than 



0.5 ns with Vqq for the military temperature and volt- 
age ranges. {See Figures 8 and 9). 

The power versus frequency characteristics of the 9LS 
family, as shown in Figure 7 , indicate that at operating 
frequencies above 1 MHz the Low Power Schottky de- 
vices are more efficient than CMOS for most applica- 
tions. 
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DEFrNITION OF SYMBOLS AND TERMS USED IN THIS DATA SHEET 

CURRENTS - Positive current is defined as conventional current flow into a device. Negative current is 
defined as conventional current flow out of a device. All current limits are specified as absolute values. 

\qq Supply current - The current flowing into the Vqq supply terminal of a circuit with the 

specified input conditions and the outputs open. When not specified, input conditions are 
chosen to guarantee worst case operation. 

|jl_^ Input HIGH current - The current flowing into an input when a specified HIGH voltage 

is applied. 

|jl_ Input LOW current - The current flowing out of an input when a specified LOW voltage 

is applied. 

|qI_j Output HIGH current - The leakage current flowing into a turned off open collector out- 

put with a specified HIGH output voltage applied. For devices with a pull-up circuit the 
Iqh 's the current flowing out of an output which is in the HIGH state. 

|qi_ Output LOW current - The current flowing into an output which is in the LOW state. 

iQg Output short circuit current - The current flowing out of an output which is in the HIGH 

state when that output is short circuited to ground (or other specified potential). 

'OZH Output off current HIGH - The current flowing into a disabled 3-state output with a speci- 

fied HIGH output voltage applied. 

'OZL Output off current LOW - The current flowing out of a disabled 3-state output with a speci- 

fied LOW output voltage applied. 

VOLTAGES - All voltages are referenced to ground. Negative voltage limits are specified as absolute 
values (i.e., -10 V is greater than -1 .0 V). 

Vqq Supply voltage - The range of power supply voltage over which the device is guaranteed 

to operate within the specified limits. 

^CD(MAX) Input clamp diode voltage — The most negative voltage at an input when 1 8 mA is forced 
out of that input terminal. This parameter guarantees the integrity of the input diode which 
is intended to clamp negative ringing at the input terminal. 

V||-| Input HIGH voltage - The range of input voltages that represents a logic HIGH in the 

system. 

^IH(MIN) Minimum input HIGH voltage - The minimum allowed input HIGH in a logic system. This 

value represents the guaranteed input HIGH threshold for the device. 

Vj|_ Input LOW voltage - The range of input voltages that represents a logic LOW in the 

system. 

^IL(MAX) Maximum input LOW voltage - The maximum allowed input LOW in a system. This value 
represents the guaranteed input LOW threshold for the device. 

VoH(MIN) Output HIGH voltage - The minimum voltage at an output terminal for the specified out- 
put current \q\.j and at the minimum value of Vqq. 

^OL(MAX) Output LOW voltage - The maximum voltage at an output terminal sinking the maximum 
specified load current Iql- 
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DEFIIVimON OF SYMBOLS AND TERMS USED IN THIS DATA SHEET (Cont'd) 

Vj-f Positive-going threshold voltage - The input voltage of a variable threshold device 

(i.e., Schmitt Trigger) that is interpreted as a V}|_j as the input transition rises from below 

Vt-(MIN)- 

Vj- Negative-going threshold voltage - The input voltage of a variable threshold device 

(i.e., Schmitt Trigger) that is interpreted as a V||_ as the input transition falls from above 

Vth-(MAX)- 

AC SWITCHING PARAMETERS 

^MAX Toggle frequency/operating frequency - The maximum rate at which clock pulses may 

be applied to a sequential circuit. Above this frequency the device may cease to function. 

tpm Propagation delay time ~ The time between the specified reference points, normally 1 .3 V 

on the input and output voltage waveforms, with the output changing from the defined 
LOW level to the defined HIGH level. 

tpi-jL Propagation delay time — The time between the specified reference points, normally 1 .3 V 

on the input and output voltage waveforms, with the output changing from the defined 
HIGH level to the defined LOW level. 

tyy/ Pulse width - The time between 1 .3 V amplitude points on the leading and trailing edges 

of a pulse. 

t|^ Hold time - The interval immediately following the active transition of the timing pulse 

(usually the clock pulse) or following the transition of the control input to its latching level, 
during which interval the data to be recognized must be maintained at the input to ensure 
its continued recognition. A negative hold time indicates that the correct logic level may 
be released prior to the active transition of the timing pulse and still be recognized. 

tg Set-up time - The interval immediately preceding the active transition of the timing pulse 

(usually the clock pulse) or preceding the transition of the control input to its latching 
level, during which interval the data to be recognized must be maintained at the input to 
ensure its recognition. A negative set-up time indicates that the correct logic level may be 
initiated sometime after the active transition of the timing pulse and still be recognized. 

tp|_j2 Output disable time (of a 3-state output) from HIGH level - The time between the 

1 .3 V level on the input and a voltage 0.5 V below the steady state output HIGH level with 
the 3-state output changing from the defined HIGH level to a high-impedance (off) state. 

tpL2 Output disable time (of a 3-state output) from LOW level - The time between the 1 .3 V 

level on the input and a voltage 0.5 V above the steady state output LOW level with the 
3-state output changing from the defined LOW level to a high-impedance (off) state. 

tp2H Output enable time (of a 3-state output) to a HIGH level - The time between the 1 .3 V 

levels of the input and output voltage waveforms with the 3-state output changing from a 
high-impedance (off) state to a HIGH level. 

tp2L Output enable time (of a 3-state output) to a LOW level - The time between the 1.3 V 

levels of the input and output voltage waveforms with the 3-state output changing from a 
high-impedance (off) state to a LOW level. 

tpQj, Recovery time ~ The time between the 1 .3 V level on the trailing edge of an asynchronous 

input control pulse and the 1 .3 V level on a synchronous input (clock) pulse such that the 
device will respond to the synchronous input. 
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Supply Voltage and Temperature Range 

The nominal supply voltage {Vqq) for all TTL circuits is 
+5.0 V. Commercial grade parts are guaranteed to per- 
form with a ±5% supply tolerance (±250 mV) over an 
ambient temperature range of 0°C to 75°C. MIL-grade 
parts are guaranteed to perform with a ±10% supply 



tolerance (±500 mV) over an ambient temperature 
range of -55°C to +125°C. 

TTL families may be mixed for optimum system design. 
The following tables specify the worst case noise im- 
munity in mixed systems. 




Worst Case TTL DC Noise Immunity /Noise Margins 

Electrical Characteristics 



Item 


Symbol 


Fairchild TTL Families 


Military (-55 to+125°C) 


Commercial (0 to 75°C) 




V|L 


V|H 


Vol 


Vqh 


V|L 


V|H 


Vol 


VOH 


Units 


6 


TTL 


Standard TTL 9000, 9N (54/74) 


0.8 


2.0 


0.4 


2.4 


0.8 


2.0 


0.4 


2.4 


V 


7 


HTTL 


High Speed TTL 9H (54H/74H) 


0.8 


2.0 


0.4 


2.4 


0.8 


2.0 


0.4 


2.4 


V 


8 


LPTTL 


Low Power TTL, 93L00 (MSI) 


0.7 


2.0 


0.3 


2.4 


0.8 


2.0 


0.3 


2.4 


V 


9 


STTL 


Schottky TTL 9S (54S/74S), 93S00 


0.8 


2.0 


0.5 


2.5 


0.8 


2.0 


0.5 


2.7 


V 


10 


LSTTL 


Low Power SchottkyTTL9LS(54LS/74LS) 


0.7 


2.0 


0.4 


2.5 


0.8 


2.0 


0.5 


2.7 


V 



Vql s'^d Vqh ^f"® t*^® voltages generated at the output. Vjl and V|h are the voltage required at the input to generate 
the appropriate output levels. The numbers given above are guaranteed worst-case values. 



LOW Level Noise Margins (Military) 






HIGH Level Noise M 


argins (Military) 






Froni^-L^ 


TTL HTTL 


LPTTL 


STTL 


LSTTL 


Units 


Froni^<-,^ 


TTL 


HTTL LPTTL 


STTL 


LSTTL 


Units 


TTL 


400 400 


300 


400 


300 


mV 


TTL 


400 


400 400 


400 


400 


mV 


HTTL 


400 400 


300 


400 


300 


mV 


HTTL 


400 


400 400 


400 


400 


mV 


LPTTL 


500 500 


400 


500 


400 


mV 


LPTTL 


400 


400 400 


400 


400 


mV 


STTL 


300 300 


200 


300 


200 


mV 


STTL 


500 


500 500 


500 


500 


mV 


LSTTL 


400 400 


300 


400 


300 


mV 


LSTTL 


500 


500 500 


500 


500 


mV 



From "V^, " to "V.. " 



From "VoH to "V|h" 



LOW Level Noise Margins (Commercial) 






HIGH Level Noise Margins 


(Commercial) 






>--^ To 
From^\^ 


TTL 


HTTL 


LPTTL STTL 


LSTTL 


Units 


FrorrP^--^ 


TTL 


HTTL 


LPTTL 


STTL 


LSTTL 


Units 


TTL 


400 


400 


400 400 


400 


mV 


TTL 


400 


400 


400 


400 


400 


mV 


HTTL 


400 


400 


400 400 


400 


mV 


HTTL 


400 


400 


400 


400 


400 


mV 


LPTTL 


500 


500 


500 500 


500 


mV 


LPTTL 


400 


400 


400 


400 


400 


mV 


STTL 


300 


300 


300 300 


300 


mV 


STTL 


700 


700 


700 


700 


700 


mV 


LSTTL 


300 


300 


300 300 


300 


mV 


LSTTL 


700 


700 


700 


700 


700 


mV 



From "Vql' to "V|l" 



From "Vqh to "V||-j" 
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Fan-in and Fan-out 

In order to simplify designing with Fairchild TTL de- 
vices, the input and output loading parameters of all 
families are normalized to the following values: 



1 TTL Unit Load (U.L) = 40 M 
in the HIGH state (logic "1 ") 

1 TTL Unit Load (U.L) = 1.6 mA 
in the LOW state (logic "0") 



Input loading and output drive factors of all products 
described in this handbook are related to these defini- 
tions. 

EXAMPLES - INPUT LOAD 

l.A 9N00/7400 gate, which has a maximum I|lo^ 
1 .6 mA and \\\^ of 40 /iA is specified as having an in- 
put load factor of 1 U.L. (Also called a fan-in of 1 
load.) 

2. The 9LS95 which has a value of I(l = 0.8 mA and 
l|l_j of 40 /jA on the CP terminal, is specified as 
having an input LOW load factor of 



0.8 mA 
1.6 mA 



or 0.5 U.L 



and an input HIGH load factor of 
^^^^-orlU.L 



40 /iA 

3. The 9LS00 gate which has an I|l of 0.36 mA and an 
l|l^ of 20 fjA, has an input LOW load factor of 



0.36 mA 
1.6 mA 



or 0.225 U.L 



(normally rounded to 0.25 U.L.) and an input HIGH 
load factor of 



20 M 
40 M 



or 0.5 U.L 



EXAMPLES - OUTPUT DRIVE 

1. The output of the 9N00/7400 will sink 16 mA in 
the LOW (logic "0") state and source 800 M in the 
HIGH (logic "1") state. The normalized output LOW 
drive factor is therefore 



16 mA 
1 .6 mA 



= 10 U.L 



and the output HIGH drive factor is 



800 M 
40 M 



or 20 U.L 



The output of the 9LS00XC (Commercial Grade) 
will sink 8.0 mA in the LOW state and source 400 a/A 
in the HIGH state. The normalized output LOW drive 
factor is 



8.0 mA 



or 5 U.L 



1.6 mA 
and the output HIGH drive factor is 



400 M 
40 M 



or 10 U.L 



Relative load and drive factors for the basic TTL fami- 
lies are given in Tab/e /. 

TABLE I 



FAMILY 


INPUT LOAD 


OUTPUT DRIVE 


HIGH 


LOW 


HIGH 


LOW 


9LS00 


0.5 U.L 


0.25 U.L 


10 U.L 


5 U.L 


9N00/7400 


1 U.L 


1 U.L 


20 U.L 


10 U.L 


9000 


1 U.L 


1 U.L 


20 U.L 


10 U.L 


9H00/74H00 


1.25 U.L 


1.25 U.L 


25 U.L 


12.5 U.L 


9S00/74S00 


1.25 U.L 


1.25 U.L 


25 U.L 


12.5 U.L 



Values for MSI devices vary significantly from one ele- 
ment to another. Consult the appropriate data sheet for 
actual characteristics. 
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Wired-OR Appiications 

Certain TTL devices are provided with an "open" col- 
lector output to permit the Wired-OR (actually Wired- 
AND) function. This is achieved by connecting open 
collector outputs together and adding an external pull- 
up resistor. 

The value of the pull-up resistor is determined by con- 
sidering the fan-out of the OR tie and the number of 
devices in the OR tie. The pull-up resistor value is cho- 
sen from a range between a maximum value (estab- 
lished to maintain the required Vqh with all the OR 
tied outputs HIGH) and a minimum value (established 
so that the OR tie fan-out is not exceeded when only 
one output is LOW). 



RX(MAX) ' 



where: 



4.75 V-2.4 V ^ 2.35 V 

4 • 1 00 M + 2 • 40 M 0.48 mA 



- 4.9 kO 




Nl 


— 


4 




N2(HIGH) 


= 


4 • 0.5 U.L - 


2 U.L 


N2(L0W| 


= 


4 • 0.25 U-L 


= 1 U.L. 


'oh 


=. 


100/uA 




lOL 


= 


8 mA 




Vol 


= 


0.5 V 




Vqh 


= 


2.4 V 





MINIMUM AND MAXIMUM PULL-UP 
RESISTOR VALUES 



VCC(MAX) ~ Vql 
^^X(MIN) |qj_ - N2(L0W) • 1 .6 mA 



''X(MAX) = 



^cc(MiN) ~ Vqh 



Nl • 'oh ^ N2(HIGH) • 40 M 



where: 

Rx 

Nl 

'oh 

lOL 

Vol 

VOH 

Vcc 



= External Pull-up Resistor 
= Number of Wired-OR Outputs 
= Number of Input Unit Loads being Driven 
-■ lcEX~ Output HIGH Leakage Current 

= LOW Level Fan-out Current of Driving Element 
= Output LOW Voltage Level (0.5 V) 
= Output HIGH Voltage Level (2.4 V) 
= Power Supply Voltage 



Example: Four 9LS03 gate outputs driving four other 9LS 
gates or MSI inputs. 



RX(MIN) 



5.25 V- 0.5 V 



4.75 V 



8 mA - 1.6 mA 6.4 mA 



742 O 



Any value of pull-up resistor between 742 and 4.9 kO 
can be used. The lower values yield the fastest speeds 
while the higher values yield the lowest power dissipa- 
tion. 

Unused Inputs 

For best noise immunity and switching speed, unused 
TTL inputs should not be left floating, but should be 
held between 2.4 V and the absolute maximum input 
voltage. 

Two possible ways of handling unused inputs are: 

1 . Connect unused input to Vqq. Most 9LS inputs have 
a breakdown voltage > 15 V and require, therefore, 
no series resistor. For all multi-emitter conventional 
TTL inputs, a 1 to 1 kO current limiting series resis- 
tor is recommended, to protect against Vqq tran- 
sients that exceed 5.5 V. 

2. Connect the unused input to the output of un unused 
gate that is forced HIGH. 



CAUTION: Do not connect an unused LSTTL input 
to another input of the same NAND or AND func- 
tion. This method, recommended for normal TTL, 
increases the input coupling capacitance and thus 
reduces the ac noise immunity. 
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Interconnection Delays 

For those parts of a system in which timing is critical, 
designers should take into accountthefinite delay along 
the interconnections. These range from about 0.12 to 
0.15 ns/inch for the type of interconnections normally 
used in TTL systems. Exceptions occur in systems using 
ground planes with STTL to reduce ground noise during 
a logic transition; ground planes give higher distribut- 
ed capacitance and delays of about 0.15 to 0.22 ns/ 
inch. 

Most interconnections on a logic board are short enough 
that the wiring and load capacitance can be treated as 
a lumped capacitance for purposes of estimating their 
effect on the propagation delay of the driving circuit. 
When an interconnection is long enough that its delay 
is one-fourth to one-half of the signal transition time, 
the driver output waveform exhibits noticeable slope 
changes during a transition. This is evidence that dur- 
ing the initial portion of the output voltage transition 
the driver sees the characteristic impedance of the in- 
terconnection (normally 1 50 Q to 200O), which for tran- 
sient conditions appears as a resistor returned to the 
quiescent voltage existing just before the beginning of 
the transition. This characteristic impedance forms a 
voltage divider with the driver output impedance, tend- 
ing to produce a signal transition having the same rise 
or fall time as in the no-load condition but with a re- 
duced amplitude. This attenuated signal travels to the 
far end of the interconnection, which is essentially an 
unterminated transmission line, whereupon the signal 
starts doubling. Simultaneously, a reflection voltage is 
generated which has the same amplitude and polarity 
as the original signal, e.g., if the driver output signal is 
positive-going the reflection will be positive-going, and 
as it travels back toward the driver it adds to the line 
voltage. At the instant the reflection arrives at the driv- 
er it adds algebraically to the still-rising driver output, 
accelerating the transition rate and producing the no- 
ticeable change in slope. 

If an interconnection is of such length that its delay is 
longer than half the signal transition time, the attenu- 
ated output of the driver has time to reach substantial 
completion before the reflection arrives. In the limit, 
the waveform observed at the driver output is a 2-step 
signal with a pedestal. In this circumstance the first 
load circuit to receive a full signal is the one at the far 
end, because of the doubling effect, while the last one to 
receive a full signal is the one nearest the driver since 
it must wait for the reflection to complete the transi- 



tion. Thus, in a worst-cast situation, the net contribution 
to the overall delay is twice the delay of the intercon- 
nection because the initial part of the signal must travel 
to the far end of the line and the reflection must return. 

When load circuits are distributed along an intercon- 
nection, the input capacitance of each will cause a small 
reflection having a polarity opposite that of the signal 
transition, and each capacitance also slows the transi- 
tion rate of the signal as it passes by. The series of small 
reflections, arriving back at the driver, is subtractive 
and has the effect of reducing the apparent amplitude 
of the signal. The successive slowing of the transition 
rate of the transmitted signal means that it takes longer 
for the signal to rise or fall to the threshold level of any 
particular load circuit. A rough but workable approach 
is to treat the load capacitances as an increase in the 
intrinsic distributed capacitance of the interconnec- 
tion. Increasing the distributed capacitance of a trans- 
mission line reduces its impedance and increases its 
delay. A good approximation for ordinary TTL intercon- 
nections is that distributed load capacitance decreases 
the characteristic impedance by about one-third and 
increases the delay by one-half. 

Another advantage of LSTTL has to do with its output 
impedance during a positive-going transition. Whereas 
the low output impedance of STTL and HTTL allows 
these circuits to force a larger initial swing into a low 
impedance interconnection, the low output impedance 
also has a disadvantage. It makes the reflection coef- 
ficient negative at the driven end of the interconnec- 
tion, a circumstance that exists any time a transmission 
line is terminated by an impedance lower than its char- 
acteristic impedance. This means that when the reflec- 
tion from the (essentially) open end of the interconnec- 
tion arrives back at the driver it will be re-reflected with 
the opposite polarity. The result is a sequence of reflec- 
ted signals which alternate in sign and decrease in 
magnitude, commonly known as ringing. The lower the 
driver output impedance, the greater the amplitude of 
the ringing and the longer it takes to damp out. 

The output impedance of LSTTL on the other hand, is 
closer to the characteristic impedance of the intercon- 
nections commonly used with TTL and ringing is prac- 
tically non-existent. Thus no special packaging is re- 
quired. This advantage, combined with excellent speed, 
modest edge rates and very low transient currents, are 
some of the reasons that designers have found LSTTL 
extremely easy to work with and very cost effective. 
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NUMERICAL INDEX OF DEVICES 



DEVrCE 



DESCRIPTION 



PAGE 



54LS/74LS00 Quad 2-lnput NAND Gate 4-3 

54LS/74LS02 Quad 2-lnput NOR Gate 4-4 

54LS/74LS03 Quad 2-lnput NAND Gate {Open Collector) 4-5 

54LS/74LS04 Hex Inverter , 4-6 

54LS/74LS05 Hex Inverter (Open Collector) 4-7 

54LS/74LS08 Quad 2-lnput AND Gate 4-8 

54LS/74LS09 Quad 2-lnput AND Gate (Open Collector) 4-9 

54LS/74LS10 Triple 3-lnput NAND Gate 4-10 

54LS/74LS1 1 Triple 3-lnput AND Gate 4-11 

54LS/74LS14 Hex Schmitt Trigger 4-12 

54LS/74LS15 Triple 3-lnput AND Gate (Open Collector) 4-14 

54LS/74LS20 Dual 4-lnput NAND Gate 4-15 

54LS/74LS21 Dual 4-lnput AND Gate 4-16 

54LS/74LS22 Dual 4-lnput NAND Gate (Open Collector) 4-17 

54LS/74LS27 Triple 3-lnput NOR Gate 4-18 

54LS/74LS30 8-lnput NAND Gate 4-19 

54LS/74LS32 Quad 2-lnput OR Gate 4-20 

54LS/74LS37 Quad 2-lnput NAND Buffer 4-21 

54LS/74LS38 Quad 2-lnput NAND Buffer (Open Collector) 4-22 

54LS/74LS40 Dual 4-lnput NAND Buffer 4-23 

54LS/74LS42 1 -of-10 Decoder 5-3 

54LS/74LS51 Dual AND-OR-lnvert Gate 4-24 

54LS/74LS54 2-3-3-2-lnput 4-25 

54LS/74LS55 2-Wide 4-lnput 4-26 

54LS/74LS73 Dual JK Flip-Flop 4-27 

54LS/74LS74 Dual D Flip-Flop 4-29 

54LS/74LS83 4-Bit Full Adder 5-6 

54LS/74LS86 Quad Exclusive OR Gate 4-31 

54LS/74LS90 Decade Counter 5-9 

54LS/74LS92 Divide-by-12 Counter 5-9 

54LS/74LS93 4-Bit Binary Counter 5-9 

54LS/74LS95 4-Bit Shift Register 5-15 

54LS/74LS1 09 Dual JK Edge-Triggered Flip-Flop 4-32 

54LS/74LS1 12 Dual JK Edge-Triggered Flip-Flop 4-34 

54LS/74LS1 13 Dual JK Edge-Triggered Flip-Flop 4-36 

54LS/74LS1 14 Dual JK Edge-Triggered Flip-Flop 4-38 

54LS/74LS125 Quad 3-State Buffer (LOW Enable) 4-40 

54LS/74LS1 26 Quad 3-State Buffer (HIGH Enable) 4-40 

54LS/74LS1 32 Quad 2-lnput Schmitt Trigger 4-42 

54LS/74LS133 1 3-lnput NAND Gate 4-44 

54LS/74LS1 36 Quad Exclusive OR (Open Collector) 4-45 

54LS/74LS138 1 -of -8 Decoder/Demultiplexer 5-19 

54LS/74LS1 39 Dual 1 -of -4 Decoder/Demultiplexer 5-22 

54LS/74LS151 8-lnput Multiplexer 5-25 

54LS/74LS1 52 8-lnput Multiplexer 5-28 

54LS/74LS1 53 Dual 4-lnput Multiplexer 5-31 

54LS/74LS155 Dual 1 -of-4 Decoder 5-34 

54LS/74LS1 56 Dual 1 -of-4 Decoder (Open Collector) 5-34 

54LS/74LS1 57 Quad 2-lnput Multiplexer (Non-inverting) 5-38 
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NUMERICAL INDEX OF DEVICES (Cont'd) 



DEVICE 



DESCRIPTION 



PAGE 



54LS/74LS1 58 Quad 2-lnput Multiplexer (Inverting) 5-41 

54LS/74LS1 60 BCD Decade Counter, Asynchronous Reset (9310 Type) 5-44 

54LS/74LS1 61 4-Bit Binary Counter, Asynchronous Reset (931 6 Type) 5-44 

54LS/74LS1 62 BCD Decade Counter, Synchronous Reset 5-44 

54LS/74LS1 63 4-Bit Binary Counter, Synchronous Reset 5-44 

54LS/74LS1 64 8-Bit Shift Register (Serial In-Parallel Out) 5-49 

54LS/74LS1 70 4x4 Register File (Open Collector) 5-53 

54LS/74LS1 74 Hex D Flip-Flop w/Clear 5-57 

54LS/74LS1 75 Quad D Flip-Flop w/Clear 5-60 

54LS/74LS181 4-Bit ALU 5-63 

54LS/74LS1 90 Up/Down Decade Counter 5-68 

54LS/74LS1 91 Up/Down Binary Counter 5-68 

54LS/74LS1 92 Up/Down Decade Counter 5-75 

54LS/74LS1 93 Up/Down Binary Counter 5-75 

54LS/74LS1 94 4-Bit Right/Left Shift Register 5-81 

54LS/74LS1 95 4-Bit Shift Register (9300 Type) 5-85 

54LS/74LS1 96 Decade Counter 5-89 

54LS/74LS1 97 4-Bit Binary Counter 5-89 

54LS/74LS251 8-lnput Multiplexer (3-State) 5-95 

54LS/74LS253 Dual 4-lnput Multiplexer (3-State) . 5-99 

54LS/74LS257 Quad 2-lnput Multiplexer (3-State) 5-102 

54LS/74LS258 Quad 2-lnput Multiplexer (3-State) 5-105 

54LS/74LS259 8-Bit Addressable Latch (9334) 5-108 

54LS/74LS266 Quad Exclusive NOR (Open Collector) 4-46 

54LS/74LS279 Quad Set-Reset Latch 4-47 

54LS/74LS283 4-Bit Full Adder (Rotated LS83) 5-109 

54LS/74LS290 Decade Counter 5-1 12 

54LS/74LS293 4-Bit Binary Counter , 5-112 

54LS/74LS295 4-Bit Shift Register (3-State) 5-117 

54LS/74LS298 Quad 2-lnput Multiplexer w/Output Latches 5-121 

54LS/74LS365 Hex Buffer w/Common Enable (3-State) 4-48 

54LS/74LS366 Hex Inverter w/Common Enable (3-State) 4-48 

54LS/74LS367 Hex Buffer, 4-Bit & 2-Bit (3-State) 4-48 

54LS/74LS368 Hex Inverter, 4-Bit & 2-Bit (3-State) 4-48 

54LS/74LS670 4x4 Register File (3-State) 5-124 




NUMERICAL INDEX OF DEVICES (Cont'd) 



DEVICE 



DESCRIPTION 



PAGE 



9LS00 Quad 2-lnput NAND Gate 4-3 

9LS02 Quad 2-lnput NOR Gate 4-4 

9LS03 Quad 2-lnput NAND Gate (Open Collector) 4-5 

9LS04 Hex Inverter 4-6 

9LS05 Hex inverter (Open Collector) ....... ........ 4-7 

9LS08 Quad 2-Jnput AND Gate 4-8 

9LS09 Quad 2-lnput AND Gate (Open Collector) . ......... 4-9 

9LS10 Triple 3-!nput NAND Gate 4-10 

9LS1 1 Triple 3-lnput AND Gate 4-11 

9LS14 Hex Schmitt Trigger 4-12 

9LS15 Triple 3-lnput AND Gate (Open Collector) 4-14 

9LS20 Dual 4-!nput NAND Gate 4-15 

9LS21 Dual 4-Snput AND Gate 4-16 

9LS22 Dual 4-lnput NAND Gate (Open Collector) 4-17 

9LS27 Triple 3-lnput NOR Gate 4-18 

9LS30 8-lnput NAND Gate 4-19 

9LS32 Quad 2-lnput OR Gate ........ 4-20 

9LS37 Quad 2-input NAND Buffer 4-21 

9LS38 Quad 2-lnput NAND Buffer (Open Collector) .................. 4-22 

9LS40 Dual 4-Snput NAND Buffer 4-23 

9LS42 1 -of-10 Decoder 5-3 

9LS51 Dual AND-OR-lnvert Gate 4-24 

9LS54 2-3-3-2-lnput 4-25 

9LS55 2-Wide 4-!nput 4-26 

9LS73 Dual JK Flip-Flop 4-27 

9LS74 Dual D Fiip-Flop , 4-29 

9LS83 4~Bit Full Adder 5-6 

9LS86 Quad Exclusive OR Gate 4-31 

9LS90 Decade Counter 5-9 

9LS92 Divide~by-12 Counter 5-9 

9LS93 4-Bit Binary Counter . . 5-9 

9LS95 4-Bit Shift Register 5-15 

9LS109 Dual JK Edge-Triggered Flip-Flop 4-32 

9LS1 12 Dual JK Edge-Triggered Flip-Flop 4-34 

9LS1 1 3 Dual JK Edge-Triggered Flip-Flop 4-36 

9LS1 14 Dual JK Edge-Triggered Flip-Flop 4-38 

9LS125 Quad 3-State Buffer (LOW Enable) 4-40 

9LS126 Quad 3-State Buffer (HIGH Enable) 4-40 

9LS132 Quad 2-lnput Schmitt Trigger 4-42 

9LS133 13-lnput NAND Gate 4-44 

9LS136 Quad Exclusive OR (Open Collector) . ........ 4-45 

9LS138 1-of-8 Decoder/Demultiplexer 5-19 

9LS1 39 Dual 1 -of -4 Decoder/Demultiplexer 5-22 

9LS151 8-lnput Multiplexer 5-25 

9LS1 52 8-lnput Multiplexer 5-28 

9LS153 Dual 4-lnput Multiplexer . . 5-31 

9LS1 55 Dual 1 -of -4 Decoder 5-34 

9LS1 56 Dual 1 -of -4 Decoder (Open Collector) 5-34 

9LS1 57 Quad 2-lnput Multiplexer (Non-inverting) 5-38 
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NUMERICAL INDEX OF DEVICES (Cont'd) 



DEVICE 



DESCRIPTION 



PAGE 



9LS1 58 Quad 2-lnput Multiplexer (Inverting) 5-41 

9LS1 60 BCD Decade Counter, Asynchronous Reset (9310 Type) 5-44 

9LS161 4-Bit Binary Counter, Asynchronous Reset (9316 Type) 5-44 

9LS1 62 BCD Decade Counter, Synchronous Reset 5-44 

9LS1 63 4-Bit Binary Counter, Synchronous Reset 5-44 

9LS164 8-Bit Shift Register (Serial In-Parallel Out) 5-49 

9LS170 4x4 Register File (Open Collector) 5-53 

9LS174 Hex D Flip-Flop w/Clear 5-57 

9LS175 Quad D Flip-Flop w/Clear 5-60 

9LS181 4-Bit ALU 5-63 

9LS1 90 Up/Down Decade Counter 5-68 

9LS1 91 Up/Down Binary Counter 5-68 

9LS1 92 Up/Down Decade Counter 5-75 

9LS1 93 Up/Down Binary Counter 5-75 

9LS194 4-Bit Right/Left Shift Register 5-81 

9LS195 4-Bit Shift Register (9300 Type) 5-85 

9LS196 Decade Counter 5-89 

9LS1 97 4-Bit Binary Counter 5-89 

9LS251 8-lnput Multiplexer (3-State) 5-95 

9LS253 Dual 4-lnput Multiplexer (3-State) 5-99 

9LS257 Quad 2-lnput Multiplexer (3-State) 5-1 02 

9LS258 Quad 2-lnput Multiplexer (3-State) 5-105 

9LS259 8-Bit Addressable Latch (9334) 5-108 

9LS266 Quad Exclusive NOR (Open Collector) 4-46 

9LS279 Quad Set-Reset Latch 4-47 

9LS283 4-Bit Full Adder (Rotated LS83) 5-109 

9LS290 Decade Counter 5-112 

9LS293 4-Bit Binary Counter 5-112 

9LS295 4-Bit Shift Register (3-State) 5-117 

9LS298 Quad 2-lnput Multiplexer w/Output Latches 5-121 

9LS365 Hex Buffer w/Common Enable (3-State) 4-48 

9LS366 Hex Inverter w/Common Enable (3-State) 4-48 

9LS367 Hex Buffer, 4-Bit & 2-Bit (3-State) 4-48 

9LS368 Hex Inverter, 4-Bit & 2-Bit (3-State) 4-48 

9LS670 4x4 Register File (3-State) 5-1 24 

96L02 Dual Retriggerable Multivibrator 5-129 

96S02 Dual Retriggerable Multivibrator 5-1 35 

9401 CRC Generator Checker 6-5 

9403 FIFO Buffer Memory 6-9 

9404 Data Path Switch 6-22 

9405 Arithmetic Logic Register Stack 6-26 

9406 Program Stack 2-33 

9407 Data Access Register 6-44 

9410 16x4 Clocked RAM (3-State) 6-50 
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SSI SELECTOR AND REPLACEMENT GUIDE 



Function 


Low Power 

Schottky 
5 ns/2 mW 


Std. TTL 

9N(54/74) 

10 ns/10 mW 


High Speed 
9H(54A4H) 
6 ns/22 mW 


High Speed 

Schottky 
3 ns/1 9 mW 


Logic 
Symbol 


LSTTL 

Data Sheet 

Page No. 


NAND Gates 


Hex Inverters 


9LS04 
(54/74LS04) 


9N04 
(54/7404) 


9H04 
(54/74H04) 


9S04 

(54/74S04) 

9S04A 


D-1 


4-6 


Hex Inverts (O.C.) 


9LS05 
(54/74LS05) 


9N05 
(54/7405) 


9H05 
(54/74H05) 


9S05 

(54/74S05) 

9S05A 


D-1 


4-7 


Hex Schmitt Trigger 


9LS14 
(54/74LS14) 


9N14 
(54/7414) 






D-1 


4-12 


Quad 2-lnput 


9LS00 
(54/74LS00) 


9IM00 
(54/7400) 


9H00 
(54/74H00) 


9S00 
(54/74S00) 


D-2 


4-3 


Quad 2-lnput (O.C.) 


9LS03 
(54/74LS03) 


9N03 
(54/7403) 


9H01 
(54/74H01) 


9S03 
(54/74803) 


D-2 


4-5 


Quad 2-lnput (48 mA) 


9LS37 
(54/74LS37) 


9N37 
(54/7437) 






D-2 


4-21 


Quad 2-lnput (O.C. 
48 mA) 


9LS38 
(54/74LS138) 


9N38 
(54/7438) 






D-2 


4-22 


Quad 2-lnput Schmitt 


9LS132 
(54/74LS132) 


9N132 
(54/74132) 




9S132 
(54/74S132) 


D-2 


4-42 


Triple 3-lnput 


9LS10 
(54/74LS10) 


9N10 
(54/7410) 


9H10 
(54/74H10) 


9S10 
(54/74S10) 


D-3 


4-10 


Dual 4-lnput 


9LS20 
(54/74LS20) 


9N20 
(54/7420) 


9H20 
(54/74H20) 


9S20 
(54/74S20) 


D-4 


4-15 


Dual 4-lnput (O.C.) 


9LS22 
(54/74LS22) 


9N22 
(54/7422) 


9H22 
(54/74H22) 


9S22 
(54/74S22) 


D-4 


4-17 


Dual 4-lnput Buffer 


9LS40 
(54/74LS40) 


9N40 
(54/7440) 


9H40 
(54/74H40) 


9S40 
(54/74S40) 


D-4 


4-23 


8-lnput 


9LS30 
(54/74LS30) 


9N30 
(54/7430) 


9H30 
(54/74H30) 


9S30 
(54/74S30) 


D-5 


4-19 


NOR Gates 


Quad 2-lnput 


9LS02 
(54/74LS02) 


9N02 
(54/7402) 




9S02 
(54/74S02) 


D-6 


4-4 
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SSI LOGIC SYMBOLS 



D1 



RRFIRRRR 



^J 4>J L{>J 
'rC>0] rt>^ rl>>] 



LJUJUJULILILJ 

GND 

9LS04, 9LS05,9LS14 



D2 



vcc 



RRRRRRR 



P 



SdJ l5d° 



GND 

9LS00, 9LS03, 9LS37 
9LS38, 9LS132 



D3 






RF1R1F1RRF1 



^>^LLE>- 



^ 



lHolJI^OBO 



9LS10 



D4 



RRRRRRR 



L [LJ^ 



^ 



LJLijyiilliJLiJLJ 

NC GND 

9LS20, 9LS22, 
9LS40 



D5 

y(^^ NC NC NC 

RRRRRRR 






ULilliJiilLiJbJLJ 



9LS30 



D6 



RRRRRRR 






LiybJUUJLJLJ 



9LS02 



3-7 



SSI SELECTOR AND REPLACEMENT GUIDE 



Function 



Low Power 

Schottky 
5 ns/2 mW 



Std. TTL 

9N(54/74) 

10 ns/lO mW 



High Speed 
9H(54/74H) 
6 ns/22 mW 



High Speed 

Schottky 
3 ns/l9 mW 



Logic 
Symbol 



LSTTL 

Data Sheet 

Page No. 



AIMD Gates 



Quad 2-lnput 


9LS08 
(54/74LS08) 


9N08 
(54/7408) 


9H08 
(54/74H08) 


9S08 
(54/74808) 


D-7 


4-8 


Quad 2-lnput (O.C.) 


9LS09 
(54/74LS09) 


9N09 
(54A409) 


9H09 
(54/74H09) 


9809 
(54/74809) 


D-7 


4-9 


Triple 3-lnput 


9LS11 
(54/74LS11) 


9N11 
(54/7411) 


9H11 
(54/74H11) 


9811 
(54/74811) 


D-8 


4-11 


Triple 3-lnput (O.C.) 


9LS15 
(5V74LS15) 




9H15 
(54/74H15) 


9815 
(54/74815) 


D-8 


4-14 


Dual 4-lnput 


9LS21 
(54/74LS21) 


9N21 
(54/7421) 


9H21 
(54/74H21) 




D-9 


4-16 



OR Gates 



Quad 2-lnput 



9L832 
(54/74LS32) 



9N32 
(54/7432) 



9832 
(54/74832) 



D-10 



4-20 



Exclusive OR Gate 



Quad 2-lnput 


9L886 
(54/74L886) 


9N86 
(54/7486) 




9886 
(54/74886) 


D-11 


4-31 


Quad 2-lnput (O.C) 


9L8136 
(54/74L8136) 








D-11 


4-45 



Exclusive NOR Gate 



Quad 2-lnput (O.C) 



9L8266 
(54/74LS266) 



9386 
(8242) 



D-12 



4-46 



AND-OR-INVERT Gates 



Dual 2-2 Input 


9L851 
(54/74LS51) 


9N51 
(54/7451) 


9H51 
(54/74H51) 


9851 
(54/74851) 


D-13 


4-24 


2-2-3-3 Input 


9L854 
(54/74L854) 








D-14 


4-25 


4-4 Input 


9LS55 
(54/74L855) 








D-15 


4-26 



3-8 



SSI LOGIC SYMBOLS 



D7 



vcc 



LJUlLJLJL^LlJLJ 



9LS08, 9LS09 



D8 



RRFIRRRR 



UUJUlLlJLyUJLJ 



9LS11, 9LS15 



D9 



wm 



RRFiRPoiRni 



^ 



NC GND 

9LS21 



D10 



RRrnRRRrn 









LIUJLILJUJLJLJ 



D11 






LQ2, 



7T>i 



LJLiJLJUUJLJLJ 



D12 



RFIFlRFinim 



s^ 



O'-J L^O 



a 



^D-^i pCt- 



UULILJLJLJU 



9LS32 



9LS86, 9LS136 



9LS266 



D13 



RRFiriRP1R_ 




UUJLJLJLJLJLJ 



D14 



Vcc 



RRRRRRR 




■QJLULJlilLJliJy 



D15 



RRFIRRRR 




ULJLJLILJLJLl 



9LS51 



9LS54 



9LS55 



3-9 



SSI SELECTOR AND REPLACEMENT GUIDE 



Function 


Low Power 

Schottky 
5 ns/2 mW 


Std. TTL 

9 N (54/74) 

10 ns/10 mW 


High Speed 
9H(54/74H) 
6 ns/22 mW 


High Speed 

Schottky 
3 ns/19 mW 


Logic 
Symbol 


LSTTL 

Data Sheet 

Page No. 


Dual Flip-Flops 


Dual JK 


9LS73 
(54/74LS73) 


9N73 
(54/7473) 


9H73, 103 
(55/74H73, 
54/74H103) 




D-16 


4-27 


Dual D 


9LS74 
(54/74LS74) 


9N74 
(54/7474) 


9H74 
(54/74H74) 


9S74 
(54/74S74) 


D-17 


4-29 


Dual JK 


9LS109 
(54/74LS109) 


9024 
(54/74109) 




93109 
(54/74S109) 


D-18 


4-32 


Dual JK 


9LS112 
(54/74LS112) 






9S112 
(54/74S112) 


D-19 


4-34 


Dual JK 


9LS113 
(54/74LS113) 






9S113 
(54/748113) 


D-20 


4-36 


Dual JK 


9LS114 
(54/74LS114) 






9S114 
(54/743114) 


D-21 


4-38 



3-10 



SSr FLIP-FLOP LOGIC DIAGRAM 





D16 








D17 






















4 




10 






14 


J Q 


12 


7 


- J Q 


— 9 


2 — 


D 


So 

Q 


— 5 12 


Sd 

D Q 


^9 


1— C 


CP 




^CP 






3 — 


CF 




11- 


CP 






3 




O^ 


10_ 


- K ^ Qb-8 

CD P 


"T_ 






Q 

CD 


0-6 




0-8 






2 






6 








t 




13 






Vcc = Pin 4 
GND = Pin 11 








Vcc = Pin 14 
GND = Pin 7 






9LS73 








9LS74 






D18 








D19 






5 

i 






11 

i 










4 




10 

A 






2 — 


Sd 

J Q 


6 


14 


Sd 

J Q 


10 


3 — 


J 


SD 

Q 


___5 1^ 


Sd 
J Q - 


9 


4_ 


CP 




12 


CP 






1— o 


CP 




13— O 


CP 






3—0 


K Q 
CD 


o2 


I^ 




a-9 


r 


2 — 


K 


. QO-6 I^ 
CD 


K Q O— 7 
CD 


"L. 




1 






Y 

15 








15 




14 






GND = Pin 8 








Vcc = Pin 16 
GND = Pin 8 






9 LSI 09 








9LS112 






D20 










D21 






4 






10 








4 

A 


,. 




10 




3 — 


Sd 

J Q 


— 5 


™ 


Sd 

J Q - 


9 


3 — 


J 


Sd 

Q 


11 


sn 

J Q 


- — .9 


1— O 


CP 




3— O 


CP 




13 — 


L> 


CP 






L> 


CP 






2 — 


K Q 


0—6 


12 


K Q C 


>— 8 


n_ 


2— 


K 




C^6 2^ 


K ^ Q 
CD 


O— 8 


"L 


















t 




t 






Vcc = Pin 14 
GND = Pin 7 








Vcc = Pin 14 
GND = Pin 7 




9LS113 








9LS114 
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MSI SELECTOR GUIDE BY FUNCTION 

Arithmetic and Macrologic Operators 
(CLA = Carry Lookahead) 



c 



'€ 

c 


6 

Z 

LU 

o 
> 

UJ 

O 


c 
o 

.9- 
o 

(A 

0) 

Q 


(0 

4-* 

m 

<*- 
o 

d 
Z 




c 
o 

.m. 
CO,-. 

aa 
wit 

S5E 

a. 


LSTTL 

Data Sheet 

Page No. 


Adcier 


9LS83/ 
74LS83 


Full Binary 4-Bit w/Carry 


4 


15 


95 


5-6 


Acider 


9LS283/ 
74LS283 


Full Binary 4-Bit w/Carry 


4 


15 


95 


5-109 


Arithmetic Logic Unit 


9LS181/ 
74LS181 


ALU with External CLA 


4 


20 


105 


5-63 


Arith. Logic Reg. Stack 


9405 


4-Bit ALU, 4-Bit 
Registers, Ext. CLA 


4 


70 


475 


6-24 


Data Path Switch 


9404 


Mut. Arith. /Logic Oper. 


4 


30 


350 


6-20 


Cyclic Redundancy Chk. 


9401 


CRC Generator Checker 


16 


30 


350 


6-3 


UFO P- Stack 


9406 


Last-In First-Out Memory 


64 


70 


420 


6-31 


R-Stack 


9410 


16x4 Random Access Memory 
w/ Output Register 


64 


50 


400 


6-48 


FIFO 


9403 


First-ln First-Out Memory 


64 


75 


475 


6-7 
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MSI SELECTOR GUIDE BY FUNCTION 



Counters 
A = Asynchronous S = Synchronous 



Function 


DEVICE NO. 


o 

T3 
O 


3 
1 


c 
o 
'^ 
'm 

c 

CO 

o 
o 

O 


CO 

OX 


5 
Oil 

OS 

o > 

o 


c 
o 

|E 

1 

a. 


LSTTL 

Data Sheet 

Page No. 


Asynchronous 


9LS90/74LS90 


2x5 




^u 


50 


33 


45 


5-9 


Asynchronous 


9LS92/74LS92 


2x6 




"L 


50 


33 


45 


5-9 


Asynchronous 


9LS93/74LS93 


2x8 




~L 


50 


46 


45 


5-9 


Asynchronous 


9LS196/74LS196 


2x5 


A 


~L 


60 


48 


60 


5-89 


Asynchronous 


9LS197/74LS197 


2x8 


A 


"1- 


70 


60 


60 


5-89 


Synchronous 


9LS160/74LS160 


10 
Presettable 


S 


_r 


45 


15 


95 


5-44 


Synchronous 


9LS161/74LS161 


16 
Presettable 


S 


j~ 


45 


15 


95 


5-44 


Synchronous 


9LS162/74LS162 


10 
Presettable 


S 


_r 


45 


15 


95 


5-44 


Synchronous 


9LS163/74LS163 


16 
Presettable 


S 


_r 


45 


15 


95 


5-44 


Up /Down 


9LS192/74LS192 


10 


A 


j~ 


40 


30 


85 


5-75 


Up/ Down 


9LS193/74LS193 


16 


A 


_r 


40 


30 


85 


5-75 


Up /Down 


9LS190/74LS190 


10 


A 


j~ 


40 


20 


90 


5-68 


Up /Down 


9LS191/74LS191 


16 


A 


_r 


40 


20 


90 


5-68 
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MSI SELECTOR GUIDE BY FUNCTION 



Decoders/Demultiplexers 

Unit Load (UL) = 40 //A HIGH/1 .6 mA LOW 



c 
o 

c 


d 

2 

m 
O 
> 

UJ 

Q 


% 

■o 

■D 
< 


(0 

c 

UJ 

5 

o 

o 
< 


i2 

3 

a 

■♦-' 

3 

o 
o 

-J 
> 

< 


II 

oo 


CO — 

r 


i 

^ <0 

gc 

UJ 


c 
o 

+3 
(0 . 

s^ 

OS 

1 
a. 


3 
D 

3 
O 

(0 

u. 


LSTTL 
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Dual 1-of-4 


9LS139/ 
74LS139 


2+2 


1-fl 


4+4 




22 


19 


34 


5 


5-22 


Dual 1-of-4 


9LS155/ 
74LS155 


2 


2+2 


4+4 




18 


15 


30 


5 


5-34 


Dual 1-of-4 


9LS156/ 
74LS156 


2 


2+2 


4+4 


5.5 V 


33 


26 


31 


5 


5-34 


1 -Of -8 


9LS259/ 
74LS259 


3 


1 


8 




30 


19 


60 


5 


5-108 


1 -of-8 


9LS42/ 
74LS42 


3 


1 


8 




17 


17 


35 


5 


5-3 


1 -of-8 


9LS138/ 
74LS138 


3 


3 


8 




22 


21 


34 


5 


5-19 


1-of-10 


9LS42/ 
74LS42 


4 (BCD) 




10 




17 




35 


5 


5-3 
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MSI SELECTOR GUIDE BY FUNCTION 



Latches/Flip-Flops 



c 
q 

O 

c 

D 


6 
Z 

o 
> 

UJ 

G 


■4- 

3 
Q. 

C 

o 


1. 

s 

o 

c 
o 

E 

E 
o 
u 


u o 

o > 

oil 

'1 

UJ c 


H 

cos: 
III ^ 

fiC 


a 

Si 

LU 


9 

Q 


c 

G 

la 
a. 
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4-Bit R-S Latch 


9LS279/ 
74LS279 


4x{RS) 


- 


- 


- 


- 


14 


19 


4-47 


4-Bit D Latch 


9LS196/ 
74LS197 


4xD 


L 


KU 


20 


28 


24 


60 


5-89 


4-Bit D Latch 


9LS197/ 
74LS197 


4xD 


L 


1(L) 


20 


28 


24 


60 


5-89 


4-Bit D Flip-Flop 


9LS175/ 
74LS175 


4xD 


L 


i(_r) 


20 


21 


- 


55 


5-60 


4-Bit D Flip-Flop 


9LS298/ 
74LS298 


4x2 


- 


1(-L) 


20 


20 


- 


65 


5-121 


6-Bit D Flip-Flop 


9LS174/ 
74LS174 


6 


L 


l(J-) 


20 


21 


- 


80 


5-57 


8-Bit Add. Latch 


9LS259/ 
74LS259 


IxD 


L 


1(L) 
3 add. bits 


11 


18 


28 


70 


5-108 


4x4 Register File 


9LS170/ 
74LS170 


4xD 


- 


2 


25 


- 


26 


125 


5-53 


4x4 Register File 
(3-state) 


9LS670/ 
74LS670 


4xD 


- 


2 


25 


- 


24 


150 


5-124 






IV 


lonostabi 


es (One-Shots) 










c 
o 


d 
z 

LU 
O 

Q 


Pulse Width 
Variation (%) 


No. of 
Inputs 


w 


(0 

c 

1 

3 

s- 

3 

o 

.E 


c 
o 

S. 


LSTTL 

DAta Sheet 

Page No. 


u 

c 

3 
LL 


O 


a 
E 

> 


0) 

> 

-co 
o 

Q. 


0} 

Z 


Dual Retriggerable 


96L02 


±0.4% 


±1.5% 


1 


1 


X 


110 


50 


5-129 


Dual Retriggerable 


96S02 


±0.2% 


±0.2% 


1 


1 


X 


27 


250 


5-135 



3-15 



MSI SELECTOR GUIDE BY FUNCTION 

Multiplexers 
Unit Load (UL) = 40 //A HIGH/1.6 mA LOW 



c 
o 

c 

3 


6 

2 

UJ 

O 
> 

UJ 

Q 


(A 

3 

a 
c 

Xi 
(0 

c 
m 


■♦-« 

3 

a 

3 

O 

E 

H 


3 

a 

3 

o 

c 

<0 

E 
m 
a 

O 


> 

CO 

Si 

1 = 


> 

(0 

!l 

<o c 

c 
yj 


> 

(0 c 

Q 


c 
o 

la 

9 E 


3 

D 

3 

o 

c 
<o 
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Quad 2-lnput 


9LS157/ 
74LS157 


1 


X 




18 


14 


9 


49 


5 


5-38 


Quad 2-lnput 


9LS158/ 
74LS158 


1 




X 


16 


12 


7 


24 


5 


5-41 


Quad 2-lnput 


9LS257/ 
74LS257 


1 


3-State 




14 


16 


12 


50 


5 


5-102 


Quad 2-lnput 


9LS258/ 
74LS258 


1 




3-State 


12 


16 


10 


35 


5 


5-105 


Quad 2-lnput 


9LS298/ 
74LS298 


Clocked 
(edge-trigger) 


X 

Latched 




- 


20 




65 


5 


5-121 


Dual 4-lnput 


9LS153/ 
74LS153 


2 


X 




18 


16 


10 


31 


5 


5-31 


Dual 4-lnput 


9LS253/ 
74LS253 


2 


3-State 




18 


16 


10 


43 


5 


5-99 


8-lnput 


9LS151/ 
74LS151 


1 


X 


X 


28 


25 


18 


30 


5 


5-25 


8-lnput 


9LS251/ 
74LS251 


1 


3-State 


3-State 


29 


21 


18 


33 


5 


5-95 


8-lnput 


9LS152/ 
74LS152 






X 


22 


- 


11 


28 


5 


5-28 
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MSI SELECTOR GUIDE BY FUNCTION 



Registers 





A = Asynchronous 


S = Synchronous 








c 
o 

c 

3 


d 

z 

UJ 

O 
> 

LU 


6 

z 


c 

UJ 

Is 

C/3 


UjCQ 

.mm, **- 


•0 

UJ 




On 

2 


11 

n 

n 

0" 


c 


h 

r 


LSTTL 
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Parallel-in/ Parallel-out 
Shift Right 


9LS95/ 
74LS95 


4 


D 


4S 


T, 


36 


20 


65 


5-15 


Parallel-in/ Parallel-out 
Shift Right 


9LS195/ 
74LS195 


4 


J, K 


4S 


_r 


39 


17 


70 


5-85 


Parallel-in/ Parallel-out 
Shift Right 


9LS295/ 
74LS295 


4 


D 


4S 


_r 


28 


40 


75 


5-117 


Parallel-in/ Parallel-out 
Bi-Directional 


9LS194/ 
74LS194 


4 


DR, 
DL 


4S 


J" 


36 


16 


75 


5-81 


Serial-in/ Parallel-out 


9LS164/ 
74LS164 


8 


2D 


- 


_r 


18 


50 


95 


5-49 


Parallel-in/ Parallel-out 


9LS174/ 
74LS174 


6 




6S 


_r 


40 


21 


65 


5-57 


Parallel-in/ Parallel-out 


9 LSI 75/ 
74LS175 


4 


- 


4S 


_r 


40 


21 


45 


5-60 


Parallel-in /Parallel-out 


9LS298/ 
74LS298 


4 


- 


2D 
MUX 


"L 


30 


21 


65 


5-121 


Multiport Registers 


9LS170/ 
74LS170 


16 


- 


4A 


a_ 


- 


25 


125 


5-53 


Multiport Registers 


9LS670/ 
74LS670 


16 


- 


4A 


"i_ 


- 


30 


150 


5-124 
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LOW/ PO\A/ER SCHOTTKY 
AND MACROLOGIC^'^TTL 











SSI DATA SHEETS 




MSI DATA SHEETS 




imi&iOWQiC^ TTL DATA SHEETS 




<m«iWIG fWCmWATlOW AND 

■f^'KA^f -OOTLtNES- .,' - 




mti^vmm iocations - ^ ' • 




FAIRCHILD • 9LS00 (54LS/74LS00) 



QUAD 2-INPUT NAND GATE 



14 13 12 1110 9 8 

h 1 — ' 


1 T 2 3 4 


5 6 7 
GND 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS00XM/54LS00XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS00XC/74LS00XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75"C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 




Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


V|L 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqq- MIN, l|,yj =-18 mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqc = MIN, Iqh = -400 A^A, V|[yj = V,i_ 


XC 


2.7 


3.4 




V,^i 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vqc = MIN, Iq|_ = 4.0 mA, Vj^ = 2.0 V 


^OL 


XC 




0.35 


0.5 


V 


Vqc = MIN, Iql = 8.0 mA, V,,^ = 2.0 V 




Input HIGH Current 




1.0 


20 


AvA 


Vqc = MAX, V||yj = 2.7 V 


'iH 






0.1 


mA 


Vqc = max, V||vj = 10 V 


'iL 


Input LOW Current 






-0.36 


mA 


Vqq = MAX, V|,yj = 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


VcC " MAX, Vqut = V 


'CCH 


Supply Current HIGH 




0.8 


1.6 


mA 


VcC " "^A^' V||sj = V 


'CCL 


Supply Current LOW 




2.4 


4.4 


mA 


Vqq = MAX, Inputs Open 



AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 




MIN 


TYP 


MAX 




^PLH 


Turn Off Delay, Input to Output 


3.0 


5.0 


10 


ns 


Vcc = 50 V 


^PHL 


Turn On Delay, Input to Output 


3.0 


5.0 


10 


ns 


Ci_= 15pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqc = 5.0 V, Ta = 25° C. 

3. Not more than one output should be shorted at a time. 



4-3 



FAIRCHILD • 9LS02 (54LS/74LS02) 



QUAD 2-INPUT NOR GATE 



D 





<3n r<5" 

2 3 4 5 6 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS02XM/54LS02XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS02XC/74LS02XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Fiatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 





PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 




MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l|,^ = -18mA 




Output HIGH Voltage 


XM 


2.5 


3.4 




V 


VCC = MIN, Iqh = -400 M, V,N = V|l 


Vqh 


XC 


2.7 


3.4 




Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vqc = MIN, Iql = 4.0 mA, V||vj = 2.0 V 


XC 




0.35 


0.5 


V 


Vqc = MIN, Iql = 8.0 mA, V|,y, = 2.0 V 




Input HIGH Current 




1.0 


20 


M 


Vcc = MAX, V|,vj - 2.7 V 


'iH 






0.1 


mA 


Vcc= MAX, V|,^ = 10 V 


'iL 


Input LOW Current 






-0.36 


mA 


Vqc = MAX, V|f^ = 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc = MAX, Vqut = V 


'CCH 


Supply Current HIGH 




1.6 


3.2 


mA 


Vqc = MAX, V|,^ = V 


'CCL 


Supply Current LOW 




2.4 


5.4 


mA 


Vqq = MAX, Inputs Open 



AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 





PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


SYMBOL 


MIN 


TYP 


MAX 


^PLH 


Turn Off Delay, Input to Output 


3.0 


5.0 


10 


ns 


Vcc = 5.0 V 


¥hl 


Turn On Delay, Input to Output 


3.0 


5.0 


10 


ns 


C|_=15pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqq = 5.0 V, Ta = 25° C. 

3. Not more than one output should be shorted at a time. 



4-4 



FAIRCHILD • 9LS03 (54LS/74LS03) 



QUAD 2-lIMPUT NAIMD GATE 



_EL 



13 12 11 10 9 



3 



1 2 



O 



3 



*OPEN COLLECTOR OUTPUTS 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS03XM/54LS03XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS03XC/74LS03XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Fiatpak, D for Ceramic Dip, P for Piastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specified) 


SYMBOL 


PARAMETER' 


LIMITS 


UNITS 


TEST CONDmONS (Note 1} 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc=MIN' 'in = "''2 "^A 


'OH 


Output HIGH Current 






100 


/iA 


Vcc-MIN,VoH = 5.5V,V,N=V,L 


V^i 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vqq = MIN, Iql = 4.0 mA, V,|nj = 2.0 V 


^OL 


XC 




0.35 


0.5 


V 


V^Q = MIN, Iql = 8.0 mA, V,|vj - 2.0 V 


tn . 


Input HIGH Current 




1.0 


20 


M 


Vqc == MAX, V|,yj = 2.7 V 


'IH 






0.1 


mA 


Vqc - MAX, V|,vj = 5.5 V 


'IL 


Input LOW Current 






-0.36 


mA 


VcC "" MAX, V|jvj = 0.4 V 


'CCH 


Supply Current HIGH 




0.8 


1.6 


mA 


Vqq = MAX, V|p^ = V 


'CCL 


Supply Current LOW 




2.4 


4.4 


mA 


Vqq = MAX, Inputs Open 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 


Turn Off Delay, Input to Output 




14 


22 


ns 


VcC == 5.0 V 


tpHL 


Turn On Delay, Input to Output 




10 


18 


ns 


C|_= 15 pF, RL = 2.0kQ 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqq = 5.0 V, T^ = 25° C. 
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FAIRCHILD • 9LS04 (54LS/74LS04) 



HEX INVERTER 



1 


4 1 


3 1 


2 1 


1 1 





3 


8 


D 


H>-i 


->- 


r>-i 


■i>- 


rl>-i 


ix- 








? 


3 ^ 


I 


d L 




7 



GUARANTEED OPERATING RANGES 



PART NIJMBFRS 


SUPPLY VOLTAGE 


TEMPERATURE 




MIN 


TYP 


MAX 


9LS04XM/54LS04XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS04XC/74LS04XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



-- package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS {Note 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed input HIGH Voltage 


ViL 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, liiM = -18 mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


VCC = MIN, Iqh = -400 M. V,^j = V,L 


XC 


2.7 


3.4 




V^. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vcc = MIN, Iql = 4.0 mA, V,f^ = 2.0 V 


^OL 


XC 




0.35 


0.5 


V 


Vqc = MIN, Iql = 8.0 mA, V„yj = 2.0 V 




Input HIGH Current 




1.0 


20 


M 


Vqc ^- MAX, Vjf^ = 2.7 V 


'IH 






0.1 


mA 


Vqq= MAX, VjN = 10 V 


'iL 


Input LOW Current 






0.36 


mA 


VcC = "^AX, V,|Nj - 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc = MAX, Vqut = V 


'CCH 


Supply Current HIGH 




1.2 


2.4 


mA 


Vqc = MAX, V|pg = V 


'CCL 


Supply Current LOW 




3.6 


6.6 


mA 


Vqq = MAX, Inputs Open 



AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 


Turn Off Delay, Input to Output 


3.0 


5.0 


10 


ns 


Vcc "" ^^ "^ 


¥hl 


Turn On Delay, Input to Output 


3.0 


5.0 


10 


ns 


Cl=15pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at V^c =" 5.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS05 (54LS/74LS05) 



HEX INVERTER 



14 1 


3 1 


2 1 


1 1 


s 


3 


8 


3 


|>r 


^ 


->T 


-l>^ 


>r 


i>^ 








2 


lJ L 


J L 






7 



"OPEN COLLECTOR OUTPUTS 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS05XM/54LS05XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS05XC/74LS05XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 









LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 






MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqq = MIN, l||^ = -18 mA 


'oh 


Output HIGH Current 






100 


M 


VCC = MIN, Vqh = 5.5 V, V,n = V,l 


Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


\/qq = MIN, Iql = 4.0 mA, V^^ = 2.0 V 


XC 




0.35 


0.5 


V 


Vqc = MIN, Iql = 8.0 mA, V,,^ = 2.0 V 


I.I , 


Input HIGH Current 




1.0 


20 


UA 


Vqq = MAX, V„yj = 2.7 V 


'IH 






0.1 


mA 


Vqq = MAX, V||yj = 5.5 V 


l|L 


Input LOW Current 






-0.36 


mA 


Vqc = MAX, Vjisj = 0.4 V 


'CCH 


Supply Current HIGH 




1.2 


2.4 


mA 


Vqq = MAX, V,pg = V 


ICCL 


Supply Current LOW 




3.6 


6.6 


mA 


Vqq = MAX, Inputs Open 



AC CHARACTERISTICS: T^ = 25^0 


(See 


Page 4-50 for Waveforms) 








PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 




MIN 


TYP 


MAX 


^PLH 


Turn Off Delay, Input to Output 




14 


22 


ns 


VcC = 5.0 V 


¥hl 


Turn On Delay, Input to Output 




10 


18 


ns 


Cl= 15 pF, RL = 2.0kO 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqq = 5.0 V, T^ = 25° C. 



FAIRCHILD • 9LS08 (54LS/74LS08) 



QUAD 2-IIMPUT AND GATE 



13 12 11 10 9 8 



J 



1 2 3 



llf 



^ 



njnr 



GUARANTEED OPERATING RANGES 





SUPPLY VOLTAGE 


TEMPERATURE 




MIN 


TYP 


MAX 


9LS08XM/54LS08XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS08XC/74LS08XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 




PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


SYMBOL 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l||sj = -18 mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN,loH = -400M,V,N = V,H 


XC 


2.7 


3.4 




V^, 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vcc = MIN, Iql = 4.0 mA, V,^, = V,l 


^OL 


XC 




0.35 


0.5 


V 


Vcc = MIN,loL = 8.0mA,V,N==V,L 




Input HIGH Current 




1.0 


20 


M 


Vqq - MAX, V,|vj = 2.7 V 


'iH 






0.1 


mA 


Vqc = max, V,|sj - 10 V 


'iL 


Input LOW Current 






-0.36 


mA 


Vqc = MAX, V,|vj = 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc = MAX, VouT - V 


'CCH 


Supply Current HIGH 




2.4 


4.8 


mA 


VqC " ^^^' Inputs Open 


'CCL 


Supply Current LOW 




4.4 


8.8 


mA 


Vcc = ^^^' V||vj = V 



AC CHARACTERISTICS: Ta = 25°C 


(See Page 4-50 for Waveforms) 








PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


SYMBOL 


MIN 


TYP 


MAX 


^PLH 


Turn Off Delay, Input to Output 




8.0 


13 


ns 


Vcc = 5.0 V 


^PHL 


Turn On Delay, Input to Output 




7.5 


11 


ns 


Cl- 15pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqq = 5.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS09 (54LS/74LS09) 



QUAD 2-INPUT AND GATE (WITH OPEN -COLLECTOR OUTPUT) 



D 



*Open Collector Outputs 



1 2 3 



=03 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS09XM/54LS09XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS09XC/74LS09XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPE R A TING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 






LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


PARAMETER 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


VcC= MIN, l|N = -18 mA 


'oh 


Output HIGH Current 






100 


/jA 


Vcc=MIN,VoH = 5.5V,V,^, = V|H 


V/^1 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vcc = MIN, Iql = 4.0 mA, V||vj = V||_ 


^OL 


XC 




0.35 


0.5 


V 


V^c = MIN, 1q|_ = 8.0 mA, V|,sj = V,|_ 


1.. ■ 


Input HIGH Current 




1.0 


20 


M 


Vqc - MAX, V||y^ - 2.7 V 


'IH 






0.1 


mA 


VcC= MAX, V|f^= 10 V 


'IL 


Input LOW Current 






-0.36 


mA 


Vqc = MAX, V|p^ - 0.4 V 


'CCH 


Supply Current HIGH 




2.4 


4.8 


mA 


Vqq = MAX, Inputs Open 


'CCL 


Supply Current LOW 




4.4 


8.8 


mA 


Vqq = MAX, V|^ = V 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 




MIN 


TYP 


MAX 


TEST CONDITIONS 


^PLH 


Turn Off Delay, Input to Output 




13 


20 


ns 


Vqc = 5.0 V 


^PHL 


Turn On Delay, Input to Output 




10 


15 


ns 


Cl= 15 pF, Rl = 2.0I<O 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at VqC = 5.0 V, Ta = 25° C. 
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FAIRCHILD • 9LS10 (54LS/74LS10) 



TRIPLE 3-INPUT NAND GATE 



14 13 12 11 10 9 



J 



F^ 



1 2 3 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS10XM/54LS10XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS10XC/74LS10XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


ViL 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


V^Q =- MIN, l||sj =^ -18 mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc=MIN, !oH = -400M,Vj^ = VjL 


XC 


2.7 


3.4 




Va^. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vcc = MIN, Iql = 4.0 mA, y^^ = 2.0 V 


^OL 


XC 




0.35 


0.5 


V 


Vqc = MIN, Iql = 8.0 mA, V,jsj = 2.0 V 




Input HIGH Current 




1.0 


20 


fjA 


VCC" MAX, V||^-2.7 V 


'iH 






0.1 


mA 


V^Q- MAX, V|p^- 10 V 


'iL 


Input LOW Current 






-0.36 


mA 


VcC " ^^^' V|N "" ^-^ "^ 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


^CC " ^^^' ^OUT " ^ ^ 


^CCH 


Supply Current HIGH 




0.6 


1.2 


mA 


Vqc = MAX, V„^J = V 


'CCL 


Supply Current LOW 




1.8 


3.3 


mA 


Vqq = MAX, Inputs Open 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 


Turn Off Delay, Input to Output 


3.0 


6.0 


10 


ns 


Vcc - 5.0 V 


tpHL 


Turn On Delay, Input to Output 


3.0 


6.0 


10 


ns 


Cl= 15 pF 



NOTES: 

1. For conditions shown as MiN or iVlAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at V^c " 5.0 V, T/\ = 25" C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD •9LS11 (54LS/74LS1 1) 



TRIPLE 3-INPUT AND GATE 



14 13 12 11 10 9 8 



J 



F^ 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 




MIN 


TYP 


MAX 


TEMPERATURE 


9LS11XM/54LS11XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS11XC/74LS11XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 






LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


rAHAMt 1 tn 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc= MIN, l,r^ =-18mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc=MIN, loH = -400M,V,N-V,H 


XC 


2.7 


3.4 




Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vcc == MIN, Iql = 4.0 mA, V,n - V,l 


XC 




0.35 


0.5 


V 


Vcc = MIN, Iql = 8.0 mA, V„yj - V|l 




Input HIGH Current 




1.0 


20 


M 


Vcc= MAX, V,rg = 2.7 V 


'iH 






0.1 


mA 


Vcc= MAX, V|pj= 10 V 


'il 


Input LOW Current 






-0.36 


mA 


Vcc = MAX, V||^ = 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc = MAX, Vqut = V 


'CCH 


Supply Current HIGH 




1.8 


3.6 


mA 


Vcc ^ MAX, Inputs Open 


'CCL 


Supply Current LOW 




3.3 


6.6 


mA 


Vcc = MAX, V,N = V 



AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 





PARAMETER 


LIMITS 


UNITS 




SYMBOL 


MIN 


TYP 


MAX 




^PLH 


Turn Off Delay, Input to Output 


4.0 


8.5 


13 


ns 


Vqq = 5.0 V 


^PHL 


Turn On Delay, Input to Output 


3.0 


7.5 


1 1 


ns 


Cl=15pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqq = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 



FAIRCHILD • 9LS14(54LS/74LS14) 



HEX SCHMITT TRIGGER INVERTER 

DESCRIPTJON - The 9LS14 (54LS/74LS14) contains six logic inverters which accept standard TTL input signals and 
provide standard TTL output levels. They are capable of transforming slowly changing input signals into sharply defined, 
jitter-free output signals. Additionally, they have greater noise margin than conventional inverters. 

Each circuit contains a Schmitt trigger followed by a Darlington level shifter and a phase splitter driving a TTL totem pole 
output. The Schmitt trigger uses positive feedback to effectively speed-up slow input transitions, and provide different input 
threshold voltages for positive and negative-going transitions. This hysteresis between the positive-going and negative-going 
input thresholds (typically 800 mV) is determined internally by resistor ratios and is essentially insensitive to temperature 
and supply voltage variations. 



LOGIC AND CONNECTION DIAGRAM 

DIP (TOP VIEW) 



14 13 12 11 10 9 



D 






1 2 3 4 5 6 



Vijv, VERSUS VouT 
TRANSFER FUNCTION 





Vcc = 5.0V 
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Vim ^ INPUT VOLTAGE - VOLTS 



Fig. 1 



THRESHOLD VOLTAGE AND HYSTERESIS 

VERSUS 

POWER SUPPLY VOLTAGE 





1.6 
1.2 
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Ta = 25° C 
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FAIRCHILD • 9LS14(54LS/74LS14) 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS14XIV1/54LS14XIVI 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS14XC/74LS14XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 




PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 




MIN 


TYP 


MAX 


Vt+ 


Positive-Going Threshold Voltage 




1.6 




V 


Vqc - 5.0 V 


Vt- 


Negative-Going Threshold Voltage 




0.8 




V 


Vqc = 5.0 V 


Vt+-Vt- 


Hysteresis 


0.4 


0.8 




V 


Vqc = 5.0 V 


VCD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqq- MIN, l|r^ --18 mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqc = MIN, Iqh = 400 M, V,pg = V|L 


XC 


2.7 


3.4 




V,-v, 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vqc = MIN, Iql = 4.0 mA, V,,^ = 2.0 V 


^OL 


XC 




0.35 


0.5 


V 


Vqc = MIN, Iql = 8.0 mA, V„vj = 2.0 V 


't+ 


Input Current at 
Positive-Going Threshold 




-0.14 




mA 


Vcc = 5.0 V, V|N = V-pi 


't- 


Input Current at 
Negative-Going Threshold 




-0.18 




mA 


Vcc = ^0 V, V,^ = V-p_ 




Input HIGH Current 




1.0 


20 


M 


Vqc = MAX, V|,y, = 2.7 V 


ll[_l 






0.1 


mA 


Vqq = MAX, V|,vj = 10 V 


'iL 


Input LOW Current 






-0.4 


mA 


Vqc = MAX, V|(vj = 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


VcC = MAX Vqut = V 


'CCH 


Supply Current HIGH 




8.6 


16 


mA 


Vqc = MAX, V,|Nj = V 


'CCL 


Supply Current LOW 




12 


21 


mA 


Vqc = MAX, V|[sj = 4.5 V 



AC CHARACTERISTICS: T^ = 25°C 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 


Propagation Delay, Input to Output 






20 


ns 


Vcc - 5.0 V 


tpHL 


Propagation Delay, Input to Output 






20 


ns 


Cl=15pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqc = 5.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 



7 



\ 



\ f 
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FAIRCHILD •9LS15 (54LS/74LS15) 



TRIPLE 3-INPUT AND GATE 



14 13 12 11 10 9 



10 9 8 



D 




p33T] 



2 3 4 5 6 7 



*OPEN COLLECTOR OUTPUTS 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS15XM/54LS15XIV1 


4.5 V 


5.0 V 


5.5 V 


-55Xto 125°C 


9LS15XC/74LS15XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



= package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 






LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 




MIN 


TYP 


MAX 


VlH 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


VjL 


Input LOW Voltage 


XM 






0,7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vc(^= MIN, l||yj = -18 mA 


'oh 


Output HIGH Current 






100 


M 


Vcc = MIN, Vqh - 5.5 V. V,n = V,h 


Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vqq = MIN, Iql = 4.0 mA, V,|sj = V,l 


XC 




0.35 


0.5 


V 


Vcc = MIN, Iql = 8.0 mA, Vj^ = V|l 


i.i . 


Input HIGH Current 




1.0 


20 


fjA 


Vcc = MAX, V|,^ = 2.7 V 


MH 






0.1 


mA 


Vcc= MAX, V|^ = 10 V 


!|L 


input LOW Current 






-0.36 


mA 


Vcc " "VIAX, V,|^ = 0.4 V 


'CCH 


Supply Current HIGH 




1.8 


3.6 


mA 


Vcc = MAX, Inputs Open 


'CCL 


Supply Current LOW 




3.3 


6.6 


mA 


Vcc " "VIAX, V|fy| = V 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 


Turn Off Delay, Input to Output 


7.0 


13 


20 


ns 


Vcc "" ^-^ "^ 


^PHL 


Turn On Delay, Input to Output 


5.0 


10 


15 


ns 


Cl= 15pF, RL = 2.0kQ 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc "- 5.0 V, T^ = 25" C. 
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FAIRCHILD • 9LS20 (54LS/74LS20) 



DUAL 4-INPUT NAND GATE 




GUARANTEED OPERATING RANGES 





SUPPLY VOLTAGE 




PART NUMBERS 


MIN 


TYP 


MAX 


TEMPERATURE 


9LS20XM/54LS20XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS20XC/74LS20XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1} 


MIN 


TYP 


MAX 


VlH 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Volta 


ge 




-0.65 


-1.5 


V 


Vcc = MINJ,|vj = -18mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN,loH = -400M,V,N = V,L 


XC 


2.7 


3.4 




Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vcc = MIN, Iql = 4.0 mA, V|fj = 2.0 V 


XC 




0.35 


0.5 


V 


VqC = MIN, Iql = 80 mA, Vj^ = 2.0 V 


1.. . 


Input HIGH Current 




1.0 


20 


M 


Vcc = MAX, V,N = 2.7 V 


'IH 






0.1 


mA 


Vcc = MAX, V|M = 10V 


'IL 


Input LOW Current 






-0.36 


mA 


Vcc ^ ^^^- ^IN " 0.4 V 


'OS 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc " ^^'^' '^OUT =^ V 


'CCH 


Supply Current HIGH 




0.4 


0.8 


mA 


Vcc " ^^^' V|N = V 


'CCL 


Supply Current LOW 




1.2 


2.2 


mA 


Vcc ^ MAX, Inputs Open 



AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 


Turn Off Delay, Input to Output 


3.0 


7.0 


10 


ns 


Vcc = 50 V 


^PHL 


Turn On Delay, Input to Output 


3.0 


7.0 


10 


ns 


Cl=15pF 



NOTES; 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = ^-0 V, Ta = 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHJLD •9LS21 (54LS/74LS21) 



DUAL 4-INPUT AND GATE 




GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS21XM/54LS21XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS21XC/74LS21XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 






LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


PARAMETER 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l„yj = -18mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN JoH = ^400 M, V„sj = V|H 


XC 


2.7 


3.4 




Vrt. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vqq = MIN, Iql = 4.0 mA, V|,y, = V|l 


^OL 


XC 




0.35 


0.5 


V 


Vcc = MIN,loL = 8.0mA,V„sj=V,L 


!.■ . 


Input HIGH Current 




1.0 


20 


M 


Vqq = MAX, V„y| = 2.7 V 


MH 






0.1 


mA 


Vcc = MAX, V,fg= 10 V 


'IL 


Input LOW Current 






-0.36 


mA 


Vcc = MAX, V„y, = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


^CC " ^^^' ^OUT = V 


'CCH 


Supply Current HIGH 




1.2 


2.4 


mA 


Vqq =- MAX, Inputs Open 


'CCL 


Supply Current LOW 




2.2 


4.4 


mA 


Vcc = MAX, V,,^ = V 



AC CHARACTERISTICS: T^ = 25'^C (See Page 4-50 for Waveforms) 



SYMBOL 




PARAMETER 


LIMITS 


UNITS 




MIN 


TYP 


MAX 


TEST CONDITIONS 


^PLH 


Turn Off Delay, Input to Output 




10 


15 


ns 


VCC-5.0V 


^PHL 


Turn On Delay, Input to Output 




8.0 


12 


ns 


Cl= 15 pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at V^c = 5.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS22 (54LS/74LS22) 



DUAL 4-INPUT NAND GATE 




*OPEN COLLECTOR OUTPUTS 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS22XM/54LS22XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS22XC/74LS22XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Fiatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 




PARAMETER 


LIMITS 


UNITS 




SYMBOL 


MIN 


TYP 


MAX 


TEST CONDITIONS (Note 1) 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqc" I^"^' 'in = -18 mA 


'oh 


Output HIGH Current 






100 


M 


Vcc = MIN,VoH = 5.5V,V,^^=V,L 


V/-V, 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vqq - MIN, Iql = 4.0 mA, V^^ = 2.0 V 


^OL 


XC 




0.35 


0.5 


V 


Vqq = MIN, Iql = 8.0 mA, V,,^ - 2.0 V 


lu 1 


Input HIGH Current 




1.0 


20 


M 


Vqc = MAX, V,^, = 2.7 V 


'IH 






0.1 


mA 


Vqc = MAX, Vj^j - 5.5 V 


'IL 


Input LOW Current 






-0.36 


mA 


Vqq =■ MAX, V||vj = 0.4 V 


'CCH 


Supply Current HIGH 




0.4 


0.8 


mA 


Vcc = MAX,V,M = OV 


'CCL 


Supply Current LOW 




1.2 


2.2 


mA 


^CC ^ I^AX, Inputs Open 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Vlh 


Turn Off Delay, Input to Output 




14 


22 


ns 


Vcc = 5.0 V 


^PHL 


Turn On Delay, Input to Output 




10 


18 


ns 


Cl= 15 pF, RL = 2.0kQ 



(MOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at V^c ^ 5.0 V, T^ = 25'' C. 
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FAIRCHILD • 9LS27 (54LS/74LS27) 



TRIPLE 3-INPUT NOR GATE 



14 13 12 11 10 9 8 



J 



^>i 



hi 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS27XM/54LS27XM 


4.5 V 


5.0 V 


'■' ""^ 


^1^pCto125°C 


9LS27XC/74LS27XC 


4.75 V 


5.0 V 


.^^.e^^ 


* 0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging lnformat%n^ 

DC CHARACTERISTICS OVER OPERATING TE ^ ~ ^ 



pn for packages available on this product. 



Jif^ RANGE (unless otherwise specified) 



SYMBOL 


PARAMETER 


.■^1 


r^' 


4,^^4W 


UNITS 


TEST CONDITIONS (Note 1) 


M 


WIpYP 


MAX 


V|H 


Input HIGH Voltage ^^ ^^.^"^ 


»Io 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW^^W^^ ^ 


^i, 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


^^p'^^mp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l|M = -18mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc == MIN, Iqh = -400 M, V,N = V,l 


XC 


2.7 


3.4 




Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vqq = M'N, Iql = ^-^ ^^' VjN = 2.0 V 


XC 




0.35 


0.5 


V 


Wqq = MIN, Iql = 8.0 mA, V,fyj = 2.0 V 




Input HIGH Current 




1.0 


20 


M 


Vcc = MAX, V,N = 2.7 V 


'iH 






0.1 


mA 


Vcc = MAX, V,pj = "JOV 


'iL 


Input LOW Current 






-0.36 


mA 


Vcc = MAX, V||^ = 0.4 V 


'os 


Output Short Circuit 
Current {Note 3) 


-15 




-100 


mA 


Vcc = MAX, Vqut = V 


'CCH 


Supply Current HIGH 




2.0 


4.0 


mA 


Vcc = MAX,V,N = 0V 


'CCL 


Supply Current LOW 




3.4 


6.8 


mA 


Vcc ^ MAX, Inputs Open 



AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 






SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 


Turn Off Delay, Input to Output 




8.0 


13 


ns 


Vcc = 5.0 V 


¥hl 


Turn On Delay, Input to Output 




8.0 


13 


ns 


Cl=15pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS30 (54LS/74LS30) 



8-INPUT NAND GATE 



1 


C 

4 1 


3 1 


2 1 


1 1 





9 


8 


D 








u 












m-^ 








2 


3 


^ 


5 


6 


d 



GUARANTEED OPERATING RANGES 








PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS30XM/54LS30XM 


4.5 V 


5.0 V 


5.5 V 


-56°Cto 125°C 


9LS30XC/74LS30XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqc= MIN, l||sg = -18 mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN, Iqh = -400 M, V|N = V|l 


XC 


2.7 


3.4 




V^i 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vcc = MIN, Iql = 4.0 mA, V,n = 2.0 V 


^OL 


XC 




0.35 


0.5 


V 


Vqq = MIN, Iql = 8.0 mA, V,|sj = 2.0 V 




Input HIGH Current 




1.0 


20 


M 


Vcc = MAX, V,N - 2.7 V 


'IH 




0.1 


mA 


Vcc = MAX, V,N = 10 V 


'iL 


Input LOW Current 






-0.36 


mA 


Vcc = MAX, V,|sj = 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc = MAX, Vqut = V 


'CCH 


Supply Current HIGH 




0.35 


0.5 


mA 


Vcc " ^^^' V|N = V 


'CCL 


Supply Current LOW 




0.6 


1.1 


mA 


Vcc = MAX, Inputs Open 



AC CHARACTERISTICS: Ta = 25°C 


(See Page 4-50 for Waveforms) 






SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 


Turn Off Delay, Input to Output 




7.0 


12 


ns 


Vcc = 5.0 V 


^PHL 


Turn On Delay, Input to Output 




9.0 


15 


ns 


Cl= 15 pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHiLD • 9LS32 (54LS/74LS32) 



QUAD 2-INPUT OR GATE 



13 12 11 10 9 8 



J 



U 111 li 



^ 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS32XM/54LS32XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS32XC/74LS32XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


VlL 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqq = MIN, l||\| = -18 mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc ^ MIN, Iqh = -400 M, V,N = V,h 


XC 


2.7 


3.4 




V^. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vcc = MIN, Iql- 4.0 mA, V,N=V,L 


^OL 


XC 




0.35 


0.5 


V 


Vqc = MIN, Iql = 8.0 mA, V,n = V|l 




Input HIGH Current 




1.0 


20 


M 


Vqq = MAX, V|,,j = 2.7 V 


'iH 






0.1 


mA 


Vcc = MAX, V,|yj = 10 V 


'iL 


Input LOW Current 






-0.36 


mA 


Vcc " MAX, V,pg - 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc = MAX,VouT = OV 


'CCH 


Supply Current HIGH 




3.1 


6.2 


mA 


\/qq = MAX, Inputs Open 


'CCL 


Supply Current LOW 




4.9 


9.8 


mA 


Vqq = MAX, V||^ = V 



AC CHARACTERISTICS: Ta = 25°C 


(See Page 4-50 for Wi 


aveforms) 






SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


¥lh 


Turn Off Delay, Input to Output 


3.0 


7.0 


11 


ns 


Vcc = 5.0 V 


tpHL 


Turn On Delay, Input to Output 


3.0 


7.0 


11 


ns 


Cl= 15pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqq = 5.0 V, Ta = 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS37 (54LS/74LS37) 



QUAD 2-INPUT NAND BUFFER 



14 13 12 11 10 9 8 






12 3 4 5 6 7 

GND 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS37XM/54LS37XM 


4.5 V 


5.0 V 


5.5 V 


-55°C to 125°C 


9LS37XC/74LS37XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75"C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l|,vj = -18 mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN, Iqh = -1 -2 mA, V„sj = V||_ 


XC 


2.7 


3.4 




V/^, 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


y^Q " ^^^' 'OL "" "• 2 mA, V,|sj - 2.0 V 


^OL 


XC 




0.35 


0.5 


V 


Vqq = MIN, Iql ^ 24 mA, Vj^ = 2.0 V 




Input HIGH Current 




1.0 


20 


M 


Vqq - MAX, V||vj = 2.7 V 


'iH 






0.1 


mA 


Vcc= MAX, V,pj= 10 V 


'iL 


Input LOW Current 






-0.36 


mA 


Vcc = MAX, V,M = 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-30 




-100 


mA 


Vqc = MAX, Vqut ^ V 


'CCH 


Supply Current HIGH 




0.9 


2.0 


mA 


Vqc = MAX, V,|Nj = V 


'CCL 


Supply Current LOW 




6.0 


12 


mA 


Vqq = MAX, Inputs Open 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


tpLH 


Turn Off Delay, Input to Output 




10 


15 


ns 


Vcc = 5.0V 


^PHL 


Turn On Delay, Input to Output 




10 


15 


ns 


Cl = 45 pF, Rl = 667 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at V^c =" 5.0 V, Ta = 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS38 (54LS/74LS38) 



QUAD 2-INPUT NAND BUFFER 



13 12 11 10 9 8 



J 



1 2 3 



Ot] 



m 



12 3 4 5 6 



*OPEN COLLECTOR OUTPUTS 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS38XM/54LS38XM 


4.5 V 


5.0 V 


5.5 V 


-55°C to 125°C 


9LS38XC/74LS38XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1 ) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V,L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0,8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc=MIN, !,iyj = -18mA 


'oh 


Output HIGH Current 






250 


M 


Vqc - MIN, Vqh = 5.5 V, V„sj = V,l 


v^. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vqq = MIN, Iql = 1 2 mA, V^^ = 2.0 V 


^OL 


XC 




0.35 


0.5 


V 


V^c = MIN, Iql = 24 mA, V,|^^ = 2.0 V 


!.. . 


Input HIGH Current 




1.0 


20 


M 


Vcc = MAX, V,N = 2.7 V 


'IH 






0.1 


mA 


Vcc = MAX, V,M= 10 V 


'IL 


Input LOW Current 






-0.36 


mA 


Vcc = MAX, V||sj = 0.4V 


'CCH 


Supply Current HIGH 




0.9 


2.0 


mA 


Vcc = MAX, V||yj - V 


'CCL 


Supply Current LOW 




6.0 


12 


mA 


Vqq = MAX, Inputs Open 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


¥lh 


Turn Off Delay, Input to Output 




14 


22 


ns 


VCC - 5.0 V 


tpHL 


Turn On Delay, Input to Output 




10 


18 


ns 


C|_ = 45 pF, Rl = 667 Q 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqq = 5.0 V, Ta = 25° C. 
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FAIRCHILD • 9LS40 (54LS/74LS40) 



DUAL 4-INPUT NAND BUFFER 



14 13 


12 n 10 9 8 




S: 


) X 




1 f=L^ 

1 


TiTH 


3 4 5 6 7 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS40XM/54LS40XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS40XC/74LS40XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l|fj = -18 mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc^MINJoH^-l^mA^ViN^ViL 


XC 


2.7 


3.4 




V<-.i 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vqq = MIN, Iql "= ""^ mA, V||yj = 2.0 V 


^OL 


XC 




0.35 


0.5 


V 


Vqq = MIN, Iql = 24 mA, V|,yj = 2.0 V 




Input HIGH Current 




1.0 


20 


M 


Vcc = MAX, Vjivi = 2 7 V 


'iH 






0.1 


mA 


Vqc - MAX, V,jg = 1 V 


'iL 


Input LOW Current 






-0.36 


mA 


Vqc = MAX, V|N = 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-30 




-100 


mA 


Vcc=MAX,VouT=OV 


'CCH 


Supply Current HIGH 




0.45 


1.0 


mA 


Vcc = MAX,V,N=OV 


'CCL 


Supply Current LOW 




3.0 


6.0 


mA 


Vqq = MAX, Inputs Open 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 


Turn Off Delay, Input to Output 




10 


15 


ns 


Vcc = 5.0 V 


^PHL 


Turn On Delay, Input to Output 




10 


15 


ns 


Cl = 45 pF, Rl = 667 Q 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at V^c = 5.0 V, Ta = 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS51 (54LS/74LS51) 



DUAL 2-WIDE 2-IIMPUT/3-INPUT AND-OR-IIMVERT GATE 




GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS51XM/54LS51XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS51XC/74LS51XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Fiatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


V|H 


input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


input Clamp Diode Voltag 


e 




-0.65 


-1.5 


V 


Vqq = MIN, lj|Nj = -18 mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN, ioH--400M,V,r^==V,L 


XC 


2.7 


3.4 




V^i 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vqc - MIN, Iql = 4.0 mA, Vj^j - 2.0 V 


^OL 


XC 




0.35 


0.5 


V 


Vqq = MIN, Iql = 8.0 mA, V,|^^ = 2.0 V 




Input HIGH Current 




1.0 


20 


M 


Vqc - MAX, Vjiy, = 2.7 V 


'IH 




0.1 


mA 


Vcc = MAX, V,M- 10 V 


'iL 


Input LOW Current 






-0.36 


mA 


Vcc " ^^^' ^IN = 0-4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc = MAX, Vqut =^ V 


'CCH 


Supply Current HIGH 




0.8 


1.6 


mA 


V^c = MAX, V,p^ = V 


'CCL 


Supply Current LOW 




1.4 


2.8 


mA 


Vqq = MAX, Inputs Open 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 


Turn Off Delay, Input to Output 




8.0 


13 


ns 


Vcc = 5.0 V 


tpHL 


Turn On Delay, Input to Output 




8.0 


13 


ns 


Cl - 1 5 pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqq = 5.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS54 (54LS/74LS54) 



3-2-2-3-INPUT AND-OR-INVERT GATE 



1 


4 13 12 11 10 9 8 






I ' i 


s 
















J L 


I 4 5 1 6 



GUARANTEED QPERATtNG RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


jYp 


MAX 


9LS54XM/54LS54XM 


4.5 V 


5.0 V 


5.5 V ,p:% 


-55<^Cto 125°C 


9LS54XC/74LS54XC 


4.75 V 


5.0 V 


5.25 \/ ;;;,y;, 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1} 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l„yj = -18mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN,loH=-400M.V,N=V,L 


XC 


2.7 


3.4 




V^i 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vqc = MIN, Iql = 4.0 mA, V,n = 2.0 V 


^OL 


XC 




0.35 


0.5 


V 


Vcc = MIN, Iql = 80 n^A, Vj^ = 2.0 V 




Input HIGH Current 




1.0 


20 


M 


Vqc = MAX, V|^j = 2.7 V 


'IH 






0.1 


mA 


Vcc = MAX, V,M = 10V 


'iL 


Input LOW Current 






-0.36 


mA 


Vqq = MAX, V|,yj - 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc " MAX, Vqut = V 


'CCH 


Supply Current HIGH 




0.8 


1.6 


mA 


Vcc ^ "^AX, V|N = V 


'CCL 


Supply Current LOW 




1.0 


2.0 


mA 


Vcc ^ MAX, Inputs Open 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 


Turn Off Delay, Input to Output 




10 


15 


ns 


Vcc -- 50 V 


tpHL 


Turn On Delay, Input to Output 




10 


15 


ns 


Ci_=15pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqq = 5.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS55 (54LS/74LS55) 



2-WIDE 4-IIMPUT AND-OR-INVERT GATE 



CC 

14 13 12 1 


1 10 9 


3 








-^ 




") 




^T>'^ 










^_J^ 






2 : 


A 


5 6 


1 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TglVIPERATURE 


MIN 


TYP 


MAX 


9LS55XM/54LS55XM 


4.5 V 


5.0 V 


5.5 V 


J -^i^Cto 125°C 


9LS55XC/74LS55XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I reformation Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING 


TEIVIPE 


RATURE 


: RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1 ) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Oamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN. I(is| = -18 mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MiNJoH=-400M,V,p^==V,L 


XC 


2.7 


3.4 




VrM 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vcc = MIN, Iql = 4.0 mA, V|,vj = 2.0 V 


^OL 


XC 




0.35 


0.5 


V 


Vqc = MIN, Iql = 8.0 mA, V|f^ = 2.0 V 




Input HIGH Current 




1.0 


20 


M 


Vcc = MAX, V|,vj = 2.7 V 


'iH 






0.1 


mA 


VcQ = MAX, V||y,- 10 V 


l|L 


Input LOW Current 






-0.36 


mA 


Vcc " l^^^' ^IN = 0-^ V 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc = MAX, Vquj = V 


'CCH 


Supply Current HIGH 




0.4 


0.8 


mA 


Vcc "= MAX, V,pg - V 


'CCL 


Supply Current LOW 




0.7 


1.3 


mA 


Vqq = MAX, Inputs Open 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 


Turn Off Delay, Input to Output 




10 


15 


ns 


Vqq = 5.0 V 


^PHL 


Turn On Delay, Input to Output 




10 


15 


ns 


Cl= 15pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqc = 5.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS73(54LS/74LS73) 



DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP 

DESCRIPTION - The 9LS73 {54LS/74LS73) offers Individual J, K, clear, and clock inputs. These dual flip-flops are 
designed so that when the clock goes HIGH, the inputs are enabled and data will be accepted. The logic level of the J and K 
inputs may be allowed to change when the clock pulse is HIGH and the bistable will perform according to the truth table as 
long as minimum set-up times are observed. Input data is transferred to the outputs on the negative-going edge of the 
clock pulse. 



LOGIC SYMBOL 



LOGIC DIAGRAM 

(Each Flip-Flop) 



Vcc = Pi" "^ 
GND-Pin 11 



GUARANTEED OPERATilMG RANGES 




PART NUMBERS 


SUPPLY VOLTAGE (Vqc) 


TCIWIpCDATI IDC 


MIN 


TYP 


MAX 




9LS73XM/54LS73XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS73XC/74LS73XC 


4.75 V 


5.0 V 


5.25 V 


O^C to +75°C 



X = package type; F for Flatpak, for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

DC CHARACTERISTICS OVER OPERATiNG TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 






LIMITS 


UNITS 




^^lo /M-.*„ 1 V 




MIN 


TYP 


MAX 




V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


Vii 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


^IL 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l,fsj = ~18mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


^CC "" MIN, Iqh = -400 M 


XC 


2.7 


3.4 




Vjfyj = V||_| or V||_ per Truth Table 


Va^> 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql"" 40 n^A 


Vcc ^ MIN, V|N = V|H or 


^OL 


XC 




0.35 


0.5 


V 


Iql = 8.0 mA 


V|L per Truth Table 


'iH 


Input HIGH Current 
J, K 
Clear 
Clock 






20 
60 
80 


/iA 


Vcc " ^^^' "^IN ^ 2.7 V 




J, K 

Clear 

Clock 






0.1 
0.3 
0.4 


mA 


Vcc ^ MAX, V,pj = 5.5 V 


'iL 


Input LOW Current 
J, K 
Clear 
Clock 






-0.36 

-0.8 

-0.72 


mA 


Vcc = MAX, V,N- 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc=MAX,VouT = OV 


•cc 


Power Supply Current 




4.0 


8.0 


mA 


Vcc-MAX,Vcp = OV 
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FAIRCHILD • 9LS73(54LS/74LS73) 



MODE SELECT - TRUTH TABLE 



OPERATING MODE 


INPUTS 


OUTPUTS 


CD 


J 


K 


Q 


Q 


Reset (Clear) 


L 


X 


X 


L 


H 


Toggle 


H 


h 


h 


"q 


q 


Load "0" (Reset) 


H 


1 


h 


L 


H 


Load "1" (Set) 


H 


h 


1 


H 


L 


Hold 


H 


1 


1 


q 


q 



H,h = HIGH Voltage Level 

L,l = LOW Voltage Level 

X = Don't Care 

I, h (q) = Lower case letters indicate the state of the referenced 

input (or output) one set-up time prior to the HIGH to 

LOW clock transition. 



AC CHARACTERISTICS: T^ = 25°C {See Page 4-51 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^MAX 


Maximum Clock Frequency 


30 


45 




MHz 


Fig. 1 




tpLH 
^PHL 


Propagation Delay, 
Clock to Output 




11 
16 


16 
24 


ns 


Fig. 1 


Vqc - 5.0 V, 
Cl=15pF 


Vlh 

^PHL 


Propagation Delay, 
Clear to Output 




11 
16 


16 
24 


ns 


Fig. 2 





AC SET-UP REQUIREMENTS: Ta = 25° 


C (See Page 4-51 for Waveforms) 






SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


twCP{H) 


Clock Pulse Width (HIGH) 


18 


12 




ns 


Fig. 3 




twCP(L) 


Clock Pulse Width (LOW) 


15 


10 




ns 




tw 


Clear Pulse Width 


15 


10 




ns 


Fig. 2 




ts(H) 


Set-up Time HIGH, J or K to Clock 


20 


13 




ns 


Fig. 3 


V^c ^ 5.0 V 


th(H) 


Hold Time HIGH, J or K to Clock 





-10 




ns 




ts(L) 


Set-up Time LOW, J or K TO Clock 


15 


10 




ns 




th(L) 


Hold Time LOW, J or K to Clock 





-13 




ns 





NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqc = 5.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 

4. SET-UP TIME (tg) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

5. HOLD TIME (th) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained 
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from HIGH to LOW and still be recognized. 
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FAIRCHILD • 9LS74 (54LS/74LS74) 



DUAL D-TYPE POSiTIVE EDGE-TRIGGERED FLIP-FLOP 

DESCRIPTION - The 9LS74 (54LS/74LS74) dual edge-triggered flip-flop utilizes Schottky TTL circujtry to produce high 
speed D-type flip-flops. Each flip-flop has individual clear and set inputs, and also complementary Qand Q outputs. 

Information at input D is transferred to the Q output on the positive-going edge of the clock pulse. Clock triggering occurs at 
a voltage level of the clock pulse and is not directly related to the transition time of the positive-going pulse. When the clock 
input is at either the HIGH or the LOW level, the D input signal has no effect. 



LOGIC SYMBOL 

4 10 



Sd 

D Q 


5 12 


Sd 
D Q 


CP 


11 


CP 


Q 
CD 


0-6 


Q 
CD 



Vcc = Pin 14 
GND = Pin 7 



SET(Sd)0- 



CLEAR {CD)0- 



CLOCK O- 



D O- 



LOGIC DIAGRAM 

(EACH FLIP-FLOP) 





GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


M!N 


TYP 


MAX 


9LS74XM/54LS74XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS74XC/74LS74XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 








LIMITS 


UNITS 










MIN 


TYP 


MAX 






V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 
for All Inputs 




XC 






0.8 




VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc=MIN, l|N = -18mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqc = MIN, Iqh = -400 //A 
Vjfyi = V|j_| or V||_ per Truth Table 




XC 


2.7 


3.4 






Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


IOL = 4.0 mA 


Vcc=MIN,V|N=V|H 
Vj|_ per Truth Table 


or 


XC 




0.35 


0.5 


V 


IqL = 8.0 mA 




l|H 


Input HIGH Current 
Data 

Clock, Set 
Clear 






20 
40 
60 


^A 


Vcc " "^AX, V,[y, = 2.7 V 




Data 

Clock. Set 
Clear 






0.1 
0.2 
0.3 


mA 


Vqc = MAX, V||vj = 5.5 V 


'IL 


Input LOW Current 
Data 

Clock, Set 
Clear 






-0.4 
-0.8 
-1.2 


mA 


Vcc - MAX, V,N = 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc = MAX, Vqut = V 


'cc 


Power Supply Current 




40 


8.0 


mA 


Vcc = I^AX, Vcp = V 
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FAIRCHILD • 9LS74(54LS/74LS74) 



MODE SELECT - TRUTH TABLE 



OPERATING MODE 


INPUTS 


OUTPUTS 


sh 


Cd 


D 


Q 


Q 


Set 


L 


H 


X 


H 


L 


Reset (Clear) 


H 


L 


X 


L 


H 


*Undetermrned 


L 


L 


X 


H 


H 


Load "1" (Set) 


H 


H 


h 


H 


L 


Load "0" (Reset) 


H 


H 


1 


L 


H 



*Both outputs will be HIGH while both SQ_and CD_are LOW, but 
the output states are unpredictable if Sq and Co go HIGH 
sinnultaneously. 

H,h = HIGH Voltage Level 

L,l = LOW Voltage Level 

X = Don't Care 

I. h (q) = Lower case letters indicate the state of the referenced 

Input (or output) one set-up time prior to the LOW to 

HIGH clock transition. 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-51 for Waveforms) 



SYMBOL 






LIMITS 


UNITS 






rAriAIVItl tn 


MIN 


TYP 


MAX 


TEST COi^ui 1 lui^io 


^MAX 


Maximum Clock Frequency 


30 


45 




MHz 


Fig. 1 




tpLH 
tpHL 


Propagation Delay, 
Clock to Output 




15 
22 


20 
30 


ns 


Fig. 1 


Vqq = 5.0 V, 
Cl=15pF 


^PLH 


Propagation Delay, 






10 


15 


ns 


Fig. 2 




*PHL 


Set or Clear to Output 


CP = L 




18 


24 




tpHL 


CP = H 




26 


35 





AC SET-UP REQUIREMENTS: T^ = 25°C (See Page 4-51 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TPCT Pf 


\MrMTir\MO 


MIN 


TYP 


MAX 




twCP(H) 


Clock Pulse Width (HIGH) 


18 


12 




ns 


Fig. 1 




tw 


Set or Clear Pulse Width 


15 


10 




ns 


Fig. 2 




ts(H) 


Set-up Time HIGH, Data to Clock 


10 


6 




ns 


Fig. 1 


Vqc = 5.0 V 


th(H) 


Hold Time HIGH, Data to Clock 





-14 




ns 




ts(L) 


Set-up Time LOW, Data to Clock 


20 


14 




ns 




th(L) 


Hold Time LOW, Data to Clock 





-6 




ns 





NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqq = 5.0 V, Ta = 25° C. 

3. Not more than one output should be shorted at a time. 

4. SET-UP TIME (tg) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

5. HOLD TIME (t^) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained 
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from LOW to HIGH and still be recognized. 
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FAIRCHILD • 9LS86 (54LS/74LS86) 



QUAD 2-INPUT EXCLUSIVE OR GATE 



J 



13 12 n 10 9 

-5> L^E 



1 2 



iE>i 



)EV 



TRUTH TABLE 



IN 


OUT 


A 


B 


Z 


L 
L 
H 
H 


L 
H 
L 
H 


L 
H 
H 

L 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (Vq^) 


TEMPERATURE 




MIN 


TYP 


MAX 




9LS86XM/54LS86XM 


4.5 V 


5.0 V 


5.5 V 


"55"Cto 125°C 


9LS86XC/74LS86XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Fiatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 






MIN 


TYP 


MAX 




V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH voltage 
for All Inputs 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MiN, i,|vj --18 mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN, loH = -400M 


XC 


2.7 


3.4 




^IN "" V|H or V|L per Truth Table 


Vol 


Output LOW Voltage 


XM.XC 




0.25 


0.4 


V 


Iql = 4.0 mA 


VcC = MIN, V,N = V,H 


XC 




0.35 


0.5 


V 


IqI_ = 8.0 mA 


or VjL per Truth Table 


!.. ■ 


Input HIGH Current 






40 


M 


Vqc = MAX, V,^ = 2.7 V 


'IH 






0.2 


mA 


Vj^C = MAX, V|,^ = 10 V 


'IL 


input LOW Current 






-0.6 


mA 


Vqc = MAX, V,[vj = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc = "^AX, Vqut =" V 


'CCH 


Supply Current 




6.1 


10 


mA 


VcC = "^AX 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


tpLH 
^PHL 


Propagation Delay, Other Input LOW 






12 
17 


ns 


Vqc = 5.0 V 


tpLH 
tpHL 


Propagation Delay, Other Input HIGH 






10 
12 


ns 


Cl= 15 pF 



NOTES: 

1. For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqq = 5.0 V, T^ == 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS109 (54LS/74LS109) 



DUAL JK POSITIVE EDGE-TRIGGERED FLIP-FLOP 

DESCRIPTION - The 9LS109 (54LS/74LS109) consists of two high speed completely independent transition clocked JK 
flip-flops. The clocking operation is independent of_rise and fall times of the clock waveform. The JK design allows operation 
as a D flip-flop by simply connecting the J and K pins together. The 9LS109 is a pin-for-pin replacement of the 9024 
and 9L24. 



LOGIC SYMBOL 



A 






A 




6 


14 




CP 




IL 


CP 


K Q 
CD 


oi 


13^ 


K Q 
CD 



Vcc = Pin 16 
GND = Pin 8 



LOGIC DIAGRAM 




GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS109XM/54LS109XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125X 


9LS109XC/74LS109XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 








MIIM 


TYP 


MAX 






V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


Vii 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 
for All Inputs 




^IL 


XC 






0.8 




VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqq= MIN, l|isj = -18 mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN, Iqh = -400 M 
V||vj = V|j_| or ViL per Truth Table 




XC 


2.7 


3.4 






Vam 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql = 4.0 mA 


Vcc = MIN, V|N = V,H 
V|L per Truth Table 


or 


^OL 


XC 




0.35 


0.5 


V 


Iql = 8.0 mA 




'IH 


Input HIGH Current 
J, K 

Clock, Set 
Clear 






20 
40 
80 


fjA 


Vcc = ^^^' V|N " 2.7 V 




J, K 

Clock, Set 
Clear 






0.1 
0.2 
0.4 


mA 


Vcc = MAX, V||vj = 5.5 V 


'IL 


Input LOW Current 
J, K 

Clock, Set 
Clear 






-0.4 
-0.8 
-1.6 


mA 


Vcc = MAX, V,|vj = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc = MAXVouT = OV 


'cc 


Power Supply Current 




4.0 


8.0 


mA 


Vcc " ^^^' ^CP " V 
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FAIRCHILD • 9LS109 (54LS/74LS109) 



MODE SELECT 


- TRUTH TABLE 






OPERATING MODE 


INPUTS 


OUTPUTS 


Sd 


Cd 


J 


K 


Q 


a 


Set 


L 


H 


X 


X 


H 


L 


Reset (Clear) 


H 


L 


X 


X 


L 


H 


*Undetermined 


L 


L 


X 


X 


H 


H 


Load"1" (Set) 


H 


H 


h 


h 


H 


L 


Hold 


H 


H 


I 


h 


q 


q 


Toggle 


H 


H 


h 


1 


^ 


q 


Load "0" (Reset) 


H 


H 


1 


1 


L 


H 



*Both outputs will be HIGH while both So_and Cq are LOW, but 
the output states are unpredictable if Sq and "Uq go HIGH 
sinnultaneously. 



H,h - HIGH Voltage Level 

L,l = LOW Voltage Level 

X = Don't Care 

I, h (q) = Lower case letters indicate the state of the referenced 

input (or output) one set-up time prior to the LOW to 

HIGH clock transition. 



AC CHARACTERISTICS: T^ = 25°C 


(See Page 4-51 for Waveforms) 








SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^MAX 


Maximum Clock Frequency 


30 


45 




MHz 


Fig. 1 




¥lh 

*PHL 


Propagation Delay, 
Clock to Output 




15 
22 


20 
30 


ns 


Fig. 1 


Vqq = 5.0 V, 
Cl=15pF 


tpLH 


Propagation Delay, 






10 


15 


ns 


Fig. 2 




^PHL 


Set or Clear to Output 


CP= L 




18 


24 




¥hl 


CP=H 




26 


35 





AC SET-UP REQUIREMENTS: Ta = 25°C (See Page 4-51 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TP<5T re 


■\Mnn-ir\MC 


MIN 


TYP 


MAX 




twCP(H) 


Clock Pulse Width (HIGH) 


18 


12 




ns 


Fig. 1 




% 


Set or Clear Pulse Width 


15 


10 




ns 


Fig. 2 




yH) 


Set-up Time HIGH, Data to Clock 


18 


12 




ns 


Fig. 1 


Vqc = 5.0 V 


th(H) 


Hold Time HIGH, Data to Clock 





-13 




ns 




ts(L) 


Set-up Time LOW, Data to Clock 


20 


13 




ns 




th(L) 


Hold Time LOW, Data to Clock 





-12 




ns 





NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type, 

2. Typical limits are at Vqq = 5.0 V, T^ = 25" C. 

3. Not more than one output should be shorted at a time. 

4. SET-UP TIME (tg) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

5. HOLD TIME (tp,) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained 
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from LOW to HIGH and still be recognized. 
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FAIRCHILD • 9LS112 (54LS/74LS112) 



DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP 

DESCRIPTION - The 9LS112 (54LS/74LS1 12) dual JK flip-flop features Individual J, K, clock, and asynchronous set and 
clear inputs to each flip-flop. When the clock goes HIGH, the inputs are enabled and data will be accepted. The logic level of 
the J and K inputs may be allowed to change when the clock pulse is HIGH and the bistable will perform according to the 
truth table as long as minimum set-up and hold time are observed. Input data is transferred to the outputs on the 
negative-going edge of the clock pulse. 



LOGIC SYMBOL 



i 




i 




— 5 1^ 


So 
J Q 


CP 


13— O 


CP 


CD 


C^6 ii- 


K Q 
CD 



VcC =" Pin 16 
GND = Pin 8 



LOGIC DIAGRAM 

(EACH FLIP-FLOP) 




GUARAIMTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS112XM/54LS112XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS112XC/74LS112XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 750c 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 








MIN 


TYP 


MAX 


1 to 1 LUiNJDI MUiMo \i\uie 1; 




V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


Vii 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 
for All Inputs 




^IL 


XC 






0.8 




VcD 


input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc^MIN, l||M = -18 mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqq = MIN, Iqh = -400 M 
V||vj = V||_| or V|i_ per Truth Table 




XC 


2.7 


3.4 






V/-V. 


Output LOW Voltage 


XM,XC 




0,25 


0.4 


V 


l0L = 4.0 mA 


Vcc = MIN, V,N = V,H 
V|L per Truth Table 


or 


^OL 


XC 




0.35 


0.5 


V 


Iql = 8.0 mA 




'IH 


Input HIGH Current 
J, K 

Set, Clear 
Clock 






20 
60 
80 


HA 


Vcc = MAX, V,^, == 2.7 V 




J, K 

Set, Clear 
Clock 






0.1 
0.3 
0.4 


mA 


Vcc = MAX, V,N = 5.5 V 


'IL 


Input LOW Current 
J, K 

Set, Clear 
Clock 






-0.36 

-0.8 

-0.72 


mA 


Vcc = "^AX, V|,^ - 0.4 V 


'OS 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc = MAX Vqut = V 


'cc 


Power Supply Current 




4.0 


8.0 


mA 


Vcc = MAX, Vcp = V 
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FAIRCHILD • 9LS112(54LS/74LS112) 



MODE SELECT - TRUTH TABLE 



OPERATING MODE 


INPUTS 


OUTPUTS 


Sd 


Cd 


J 


K 


Q 


Q 


Set 


L 


H 


X 


X 


H 


L 


Reset (Clear) 


H 


L 


X 


X 


L 


H 


* Undetermined 


L 


L 


X 


X 


H 


H 


Toggle 


H 


H 


h 


h 


q 


q 


Load "0" (Reset) 


H 


H 


1 


h 


L 


H 


Load "1" (Set) 


H 


H 


h 


1 


H 


L 


Hold 


H 


H 


1 


1 


q 


q 



*Both outputs will be HIGH while both Sq^and Cpjire LOW, but 
the output states are unpredictable if Sp and Cp go HIGH 
simultaneously. 

H,h = HIGH Voltage Level 

L,I = LOW Voltage Level 

X = Don't Care 

\. h (q) = Lower case letters indicate the state of the referenced 

input (or output) one set-up time prior to the HIGH to 

LOW clock transition. 



AC CHARACTERISTICS: Ta = 25°C 


(See Page 4-51 for Waveforms) 








SYMBOL PARAMETER 


LIMITS 


UNITS 




MIN 


TYP 


MAX 


TEST CONDITIONS 


^MAX Maximum Clock Frequency 


30 


45 




MHz 


Fig. 3 




tp|_|_j Propagation Delay, 
tp|_n_ Clock to Output 




11 
16 


16 
24 


ns 


Fig. 3 


\/qq = 5.0 V, 
CL = 15pF 


tpLH Propagation Delay, 
tpj_|L Set or Clear to Output 




11 
16 


16 
24 


ns 


Fig. 2 





AC SET-UP REQUIREMENTS: Ta == 25°C {See Page 4-51 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 






MIN 


TYP 


MAX 




twCP(H) 


Clock Pulse Width (HIGH) 


18 


12 




ns 


Fig. 3 




twCP(L) 


Clock Pulse Width (LOW) 


15 


10 




ns 




tw 


Set or Clear Pulse Width 


15 


10 




ns 


Fig. 2 




ts(H) 


Set-up Time HIGH, J or K to Clock 


20 


13 




ns 


Fig. 3 


Vcc = 5.0 V 


th(H) 


Hold Time HIGH, J or K to Clock 





-10 




ns 




ts(L) 


Set-up Time LOW, J or K to Clock 


15 


10 




ns 




th(l-) 


Hold Time LOW, J or K to Clock 





-13 




ns 





NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqc = 5.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 

4. SET-UP TIME (tg) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

5. HOLD TIME (t^) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained 
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from HIGH to LOW and still be recognized. 
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FAIRCHILD • 9LS113 (54LS/74LS113) 



DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP 

DESCRIPTION - The 9 LS1 13 {54LS/74LS1 13) offers individual J, K, set, and clock inputs. These monolithic dual flip-flops 
are designed so that when the clock goes HIGH, the inputs are enabled and data will be accepted. The logic level of the J and 
K inputs may be allowed to change when the clock pulse is HIGH and the bistable will perform according to the truth table as 
long as minimum set-up times are observed. Input data is transferred to the outputs on the negative-going edge of the 
clock pulse. 



LOGIC SYMBOL 



LOGIC DIAGRAM 

(EACH FLIP-FLOP) 



i 




^ 


So 
J Q 


— 5 11- 


Sd 

J Q 


CP 


13—0 


CP 


K Q 


0-^ 'J- 


K Q 



VqC = Pin 14 
GND = Pin 7 



GUARANTEED OPERATING RANGES 




OSET(Sp) 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS113XM/54LS113XM 


4.5 V 


5.0 V 


5.5 V 


-55°C to 125°C 


9LS113XC/74LS113XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 




SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 




MIN 


TYP 


MAX 




V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


V|L 


input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 
for All Inputs 




XC 






0.8 




VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqc = MIN, l||vj = -18 mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN, lQ^^-400fjA 
V||sj = VjH or Vj|_ per Truth Table 




XC 


2.7 


3.4 






\/,-^. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql = 4.0 mA 


Vcc - MIN, V,N == V,H 
V||_ per Truth Table 


or 


^OL 


XC 




0.35 


0.5 


V 


IqL = 8.0 mA 




"IH 


Input HIGH Current 
J, K 
Set 
Clock 






20 
60 
80 


M 


Vcc = MAX, V,rg = 2.7 V 




J, K 
Set 
Clock 






0.1 
0.3 
0.4 


mA 


Vcc = MAX, V||^ = 5.5 V 


'IL 


Input LOW Current 
J, K 
Set 
Clock 






-0.36 

-0.8 

-0.72 


mA 


Vqq = MAX, Vjfsj = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc " ^^^' ^OUT "= V 


'cc 


Power Supply Current 




4.0 


8.0 


mA 


Vcc " ^^^' Vcp = *^ V 
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FAIRCHILD • 9LS113 I54LS/74LS113) 



MODE SELECT - TRUTH TABLE 



OPERATING MODE 


INPUTS 


OUTPUTS 


So 


J 


K 


Q Q 


Set 

Toggle 

Load "0" (Reset) 

Load"1" (Set) 

Hold 


L 

H 
H 
H 
H 


X 

h 
1 
h 

1 


X 

h 
h 
1 
f 


H L 
q" q 
L H 
H L 
q q 



H,h = HIGH Voltage Level 

L,l = LOW Voltage Level 

X = Don't Care 

I, h (q) = Lower case letters indicate the state of the referenced 

input {or output) one set-up time prior to the HIGH to 

LOW clock transition. 



AC CHARACTERISTICS: T^ = 25°C 


(See 


Page 4-51 for Waveforms) 








SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDiTIONS 


MIN 


TYP 


MAX 


^MAX 


Maximum Clock Frequency 


30 


45 




MHz 


Fig. 3 




tpLH 
*PHL 


Propagation Delay, 
Clock to Output 




11 
16 


16 
24 


ns 


Fig. 3 


Vcc ^ 5-0 V' 
Cl=15pF 


*PLH 
tpHL 


Propagation Delay, 
Set to Output 




11 
16 


16 
24 


ns 


Fig. 2 





AC SET-UP REQUIREMENTS: Ta = 25 


^C (See Page 4-51 for Waveforms) 






SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


twCP{H) 


Clock Pulse Width (HIGH) 


18 


12 




ns 


Fig. 3 




twCPiU 


Clock Pulse Width (LOW) 


15 


10 




ns 




tw 


Set Pulse Width 


15 


10 




ns 


Fig. 2 




ts(H) 


Set-up Time HIGH, J or K to Clock 


20 


13 




ns 


Fig. 3 


Vcc = 5.0 V 


th(H) 


Hold Time HIGH, J or K to Clock 





-10 




ns 




ts(L) 


Set-up Time LOW, J or K to Clock 


15 


10 




ns 




th(U 


Hold Time LOW, J or K to Clock 





-13 




ns 





NOTES: 

1. For conditions shown as MiN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqc = 5.0 V, T/^ = 25° C. 

3. Not more than one output should be shorted at a time. 

4. SET-UP TIME (tg) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

5. HOLD TIME (t^) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained 
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from HIGH to LOW and still be recognized. 
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FAIRCHILD • 9LS114 (54LS/74LS114) 



DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP 



DESCRIPTION - The 9LS1 14 (54 LSI 14/74LS1 14) offers common clock and common clear Inputs and individual J, K, and 
set inputs. These monolithic dual flip-flops are designed so that when the clock goes HIGH, the Inputs are enabled and data 
will be accepted. The logic level of the J and K inputs may be allowed to change when the clock pulse is HIGH and the 
bistable will perform according to the truth table as long as minimum set-up times are observed. Input data is transferred to 
the outputs on the negative-going edge of the clock pulse. 

LOGIC SYMBOL LOGIC DIAGRAM 
(EACH FLIP-FLOP) 

x: 







4 








10 

^ 


— o 


J 

CP 


SD 


Q 


5 


n 


sd 

J Q 
CP 


2- 


K 


CD 


Q 


0—6 


12 


K Q 
CD 



VcC =P'n ""^ 
GND = Pin 7 



Q O- 

5(9) 




■O SET |S[)) 



GUARANTEED OPERATING RANGES 










PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 




MIN 


TYP 


MAX 




9LS114XM/54LS114XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS114XC/74LS114XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 





X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


V|L 


input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


for All Inputs 


VcD 


input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l,f^j = -18mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc ^ MIN, Iqh = -400 M 


XC 


2.7 


3.4 




V||vj = V|H or V||_ per Truth Table 


V/-.1 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql = 4.0 mA 


Vcc = MIN, V|M = V|H or 


^OL 


XC 




0.35 


0.5 


V 


l0L= 80 "^A 


V|L per Truth Table 


'in 


Input HIGH Current 
J, K 
Set 
Clear 
Clock 






20 

60 

120 

160 


M 


Vqc = MAX, V„vj = 2.7 V 




J, K 
Set 
Clear 
Clock 






0.1 
0.3 
0.6 
0.8 


mA 


Vcc - MAX, V,N = 5.5 V 


'IL 


Input LOW Current 
J. K 
Set 
Clear 
Clock 






-0.36 
-0.8 
-1.6 

-1.44 


mA 


Vqc ^ MAX, V|,y| = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc=MAX,VouT-OV 


'cc 


Power Supply Current 




4.0 


8.0 


mA 


Vcc = MAX, Vcp = V 
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FAIRCHILD • 9LS114 (54LS/74LS114) 



MODE SELECT - TRUTH TABLE 



OPERATING MODE 


INPUTS 


OUTPUTS 


Sd 


Cd 


J 


K 


Q Q 


Set 


L 


H 


X 


X 


H L 


Reset (Clear) 


H 


L 


X 


X 


L H 


♦Undetermined 


L 


L 


X 


X 


H H 


Toggle 


H 


H 


h 


h 


q q 


Load "0" (Reset) 


H 


H 


1 


h 


L H 


Load "1" (Set) 


H 


H 


h 


1 


H L 


Hold 


H 


H 


1 


1 


q q 



*Both outputs will be HIGH while both ^d and "Cq are LOW, but 
the output states are unpredictable if Sp and Cq go HIGH 
simultaneously. 

H,h = HIGH Voltage Level 

L,! = LOW Voltage Level 

X = Don't Care 

I, h (q) = Lower case letters indicate the state of the referenced 

input (or output) one set-up time prior to the HIGH to 

LOW clock transition. 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-51 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^MAX 


Maxinnum Clock Frequency 


30 


45 




MHz 


Fig. 3 




^PLH 

¥hl 


Propagation Delay, 
Clock to Output 




11 
16 


16 
24 


ns 


Fig. 3 


Vcc = 5.0 V, 
Cl= 15pF 


¥lh 

*PHL 


Propagation Delay, 
Set or Clear to Output 




11 
16 


16 
24 


ns 


Fig. 2 





AC SET-UP REQUIREMENTS: T^ = 25°C (See Page 4-51 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


twCP(H) 


Clock Pulse Width (HIGH) 


18 


12 




ns 


Fig. 3 




twCPIU 


Clock Pulse Width (LOW) 


15 


10 




ns 




tw 


Set or Clear Pulse Width 


15 


10 




ns 


Fig. 2 




ts(H) 


Set-up Time HIGH, J or K to Clock 


20 


13 




ns 


Fig. 3 


Vqc - 5.0 V 


th(H) 


Hold Time HIGH, J or K to Clock 





-10 




ns 




ts(U 


Set-up Time LOW, J or K to Clock 


15 


10 




ns 




th(L) 


Hold Time LOW, J or K to Clock 





-13 




ns 





NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqc = 5.0 V, Ta = 25° C. 

3. Not more than one output should be shorted at a time, 

4. SET-UP TIME (tg) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

5. HOLD TIME (t^) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained 
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from HIGH to LOW and still be recognized. 
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FAIRCHILD • 9LS125 (54LS/74LS125) • 9LS126 (54LS/74LS126) 



QUAD 3-STATE BUFFERS WfTH ACTIVE HIGH ENABLES 

Vqc f D e d o 



14 

1 


13 12 11 


10 9 8 


2 3 4 


5 6 7 



vcc 

14 


EDO 

13 12 n 


EDO 

10 9 8 


3 

1 


__^ 


_^ 


2 3 4 


7^ 

5 6 7 



O GND 



E D O E D O GND 



GUARANTEED OPERATtNG RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


M!N 


TYP 


MAX 


9LS125XM/54LS125XM 
9LS 1 26XM /54LS 1 26XIVI 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS125XC/74LS125XC 
9LS126XC/74LS126XC 


4.75 V 


,gjO <(^ f '%■''' 


5.25 V 


0<^C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P tor PJastic Oip. See Packaging Information Section for packages available on this product. 

DC CHARACTERfSTfCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 






MIN 


TYP 


MAX 




V|H 


Input W6H Vaitage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


v.. 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


^IL 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqc = MIN, l||^ = ~18mA 


V*^ii 


Output HIGH Voltage 


XM 


2.4 


3.4 




V 


IOH = ™1-OmA 


Vcc = MIN, V,N == V,H or 


^OH 


XC 


2.4 


3,1 




V 


lOH = -2.6 mA 


VjL per Truth Table 


Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


l0L= 12 mA 


Vcc = MIN, V|N = V|H or 


XC 




0.35 


0.5 


V 


lot = 24 mA 


VjL per Truth Table 


'OZH 


Output Off Current HIGH 






20 


M 


Vcc = MAX,Vout=2.4V,Ve = V,l 


'OZL 


Output Off Current LOW 






-20 


M 


Vcc = MAX, Vqut = 4 V, Ve = V,L 


liu 


Input HIGH Current 






20 


M 


Vqq - MAX, Vjf^ = 2.7 V 


'IH 






0.1 


mA 


Vcc = MAX,V,f^= 10 V 


'IL 


Input LOW Current 






-0.4 


mA 


Vcc = ^^^' VjN = 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-30 




-100 


mA 


Vcc = MAX,VouT = OV 




Power Supply Current, 
Outputs LOW 


9LS125 






16 


mA 


Vcc "^ MAX, V,fg = V, V| = V 


1*^^ 


9LS126 






20 


mA 


Vcc " MAX, Vjjsj = V, Ve = 4.5 V 


'CC 


Power Supply Current, 
Outputs Off 


9LS125 






20 


mA 


Vcc = MAX, V,N = V, Ve = 4.5 V 




9LS126 






24 


mA 


Vcc = MAX, V,f^ = V, Vg = V 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value 
device type. 

2. Typical limits are at Vcc " ^.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 



specified under recommended operating conditions for the applicable 
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FAIRCHfLD • 9LS125(54LS/74LS125) • 9LS126 (54LS/74LS126) 



TRUTH TABLES 



9LS125 



9LS126 



INPUTS 


OUTPUT 


E" 


D 


L 
L 
H 


L 
H 
X 


L 
H 
(Z) 



INPUTS 


OUTPUT 


E 


D 


H 
H 
L 


L 
H 
X 


L 
H 
(Z) 



L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Don't Care 
(Z) = High Impedance (off) 



AC CHARACTERISTICS: Ta 


-25X 












SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Vlh 

¥hl 


Propagation Delay, 
Data to Output 






10 
16 


ns 


Fig. 2 


Vqq = 5.0 V 
Cj_ = 45pF 
Rl = 667 Q 


¥ZH 


Output Enable Time 
to HIGH Level 






16 


ns 


Figs. 4, 5 


tp2L 


Output Enable Time 
to LOW Level 






30 


ns 


Figs. 3, 5 


tpLZ 


Output Disable Time 
from LOW Level 






15 


ns 


Figs. 3, 5 
Figs. 4, 5 


Vcc=5.0V 

Cl=5pF 

RL=667n 


^PHZ 


Output Disable Time 
from HIGH Level 






23 


ns 



V|N -^^ 



f 



/ 



\z 



Fig. 1 



V|N -J^I.SV -.L 



\Z—jf 



Fig. 2 



- -^1 tpzL |— 

VOUT -J^ 

IN — e^ — 



j^-= 

j-^°^ 



Fig. 3 



-A\- 1-5V -3t- 1.5V 

/\ _ cj 7\ \ 

*\ L_o,5v 



Fig. 4 




SWITCH POSITIONS 



SYMBOL 


SW1 


SW2 


tpZH 


Open 


Closed 


tpZL 


Closed 


Open 


^PLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



Fig. 5 



FAIRCHILD • 9LS132(54LS/74LS132) 



QUAD 2.INPUT SCHMITT TRIGGER NAND GATE 

DESCRIPTION - The 9LS132 (54LS/74LS132) contains four 2-lnput NAND Gates which accept standard TTL input signals 
and provide standard TTL output levels. They are capable of transforming slowly changing input signals into sharply defined, 
jitter-free output signals. Additionally, they have greater noise margin than conventional NAND Gates. 

Each circuit contains a 2-input Schmitt trigger followed by a Darlington level shifter and a phase splitter driving a TTL totem 
pole output. The Schmitt trigger uses positive feedback to effectively speed-up slow input transitions, and provide different 
input threshold voltages for positive and negative-going transitions. This hysteresis between the positive-going and 
negative-going input thresholds (typically 800 mV) is determined internally by resistor ratios and is essentially insensitive to 
temperature and supply voltage variations. As long as one input remains at a more positive voltage than Vj+ (MAX), the gate 
will respond to the transitions of the other input as shown in Figure 1. 



LOGIC AND CONNECTION DIAGRAM 

DIP (TOP VIEW) 



V,M VERSUS Vqut 
TRANSFER FUNCTION 



D 



th 



13 12 11 10 9 8 

1 I 2 3 



f=©n 



2 3 4 5 6 



nr 



■ o\ 







I ' 1 

Vcc = 5.0V 






..M 










Ta = 


25° C 


. 


3 




; P 








~ 




'':, 


ftsi' 










'''■ 


\A 


'"H 


















" 


























a 






\ ' 











































































































INPUT VOLTAGE - VOLTS 



Fig. 1 



THRESHOLD VOLTAGE AND HYSTERESIS 

VERSUS 

POWER SUPPLY VOLTAGE 



THRESHOLD VOLTAGE AND HYSTERESIS 

VERSUS 

TEMPERATURE 





Ta 


= 25° 


1 
















- VOLTS 








Vt+ 




. 


^ 










h- 


















lESHOLD VOLTAGE - 
t'STERESIS- VOLTS 




















































Vt- 


, ■ 






-^ 




■** 






AVj 










X X 

1 1- 0.4 
^5 

































































1.9 





























,, J 


















vt+ 


















































































- 




























































^ 



































AVj 











4.75 5.0 5.25 

Vcc - POWER SUPPLY VOLTAGE - VOLTS 



0" 25° 75° 

Ta - AMBIENT TEMPERATURE - °C 



Fig. 2 



Fig. 3 
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FAIRCHILD • 9LS132 (54LS/74LS132) 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS132XM/54LS132XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS132XC/74LS132XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATiNG TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 






LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 




rAHAMhl izn 


MIN 


TYP 


MAX 




Vt+ 


Positive-Going Threshold Voltage 




1.6 




V 


Vcc = 5.0 V 


Vt- 


Negative-Going Threshold Voltage 




0.8 




V 


Vcc = 5.0 V 


Vt+"Vt- 


Hysteresis 


0.4 


0.8 




V 


Vcc " ^-^ V 


VCD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l,pj = -18 mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqc = MIN, Iqh = -400 ijA, \/^f^ 


= ViL 


XC 


2.7 


3.4 




Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vcc = MIN, Iql^ 4.0 mA, V„y, = 


2.0 V 


XC 




0.35 


0.5 


V 


Vcc " MIN, Iq|_ = 8.0 mA, y^^ = 


2.0 V 


't+ 


Input Current at 
Positive-Going Threshold 




-0.14 




mA 


Vcc = 5.0 V V,^, = Vj+ 


lj_ 


Input Current at 
Negative-Going Threshold 




-0.18 




mA 


Vcc = 5.ov,v,N-v-r_ 




Input HIGH Current 




1.0 


20 


M 


Vcc " IVA^' VjN = 2.7 V 


'iH 






0.1 


mA 


Vcc = MAX, V|iM = 10 V 


'iL 


Input LOW Current 






-0.4 


mA 


Vcc = MAX, V„si = 0.4 V 


'os 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc = MAX, Vqut = V 


'CCH 


Supply Current HIGH 




5.9 


11 


mA 


Vcc-MAX,V,N-OV 


'CCL 


Supply Current LOW 




8.2 


14 


mA 


Vcc = MAX, V|N = 4.5 V 



AC CHARACTERISTICS: Ta == 25°C 












SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Vlh 


Turn Off Delay, Input to Output 






20 


ns 


Vcc = 5.0 V 


tpHL 


Turn On Delay, Input to Output 






20 


ns 


Cl=15pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqc = 5.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS133 (54LS/74LS133) 



13-INPUT NAND GATE 



mRnTiRRrTjRim 




LLILUmmLAJmLUH 



GUARANTEED OPERATING RANGES 



PART NUMBERS 




SUPPLY VOLTAGE 




TEMPERATURE 


MIN 


TYP 


MAX 


9LS133XM/54LS133XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS133XC/74LS133XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section>for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 




PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


SYMBOL 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqc = MIN, l|,yj = -18 mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc =^ MIN, Iqh = -400 M, V|N = V,l 


XC 


2.7 


3.4 




V^. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Vqc = MIN, Iql = 4.0 mA, V|fyj = 2.0 V 


^OL 


XC 




0.35 


0.5 


V 


Vcc " '^"^' 'OL = S-O ^^' V|N " 2.0 V 




Input HIGH Current 




1.0 


20 


M 


Vcc " MAX, V|pg = 2.7 V 


'IH 






0.1 


mA 


Vcc = MAX, V,|^ = lOV 


'IL 


Input LOW Current 






-0.4 


mA 


Vcc " MAX, V|,sj = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 3) 


-15 




-100 


mA 


Vcc = MAX, Vqut =" V 


'CCH 


Supply Current HIGH 




0.35 


0.5 


mA 


Vcc " MAX, V||^ = V 


'CCL 


Supply Current LOW 




0.6 


1.1 


mA 


Vcc ^ MAX, Inputs Open 



AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


tpLH 


Turn Off Delay, Input to Output 




10 


15 


ns 


Vcc " 5-^ V 


^PHL 


Turn On Delay, Input to Output 




17 


25 


ns 


Cl=15pF 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at VqC = 5.0 V, T/^ = 25° C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS136 (54LS/74LS136) 



QUAD 2-INPUT EXCLUSIVE OR GATE 



J 



13 12 11 10 9 



in 






TRUTH TABLE 



IN 


OUT 


A 


B 


Z 


L 
L 
H 
H 


L 

H 

L 
H 


L 
H 
H 
L 



*Open Collector Outputs 



GUARANTEED OPERATING RANGES 



PART N11MRFR9 


SUPPLY VOLTAGE (V^c) 


TEMPERATURE 




MIN 


TYP 


MAX 




9LS136XM/54LS136XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS136XC/74LS136XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH voltage 
for All Inputs 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqc = MIN, Iin = -18 mA 


'oh 


Output HIGH Current 






100 


M 


Vqc = MIN, Vqh = 5.5 V 

^IN ^ ^IH °'' ^IL P®'' Truth Table 


v^. 


Output LOW Voltage 


XM,XC 




025 


0.4 


V 


IqL= 4.0 mA 


Vcc - MIN, V,N = V,H 


^OL 


XC 




0.35 


0.5 


V 


l0L= 8.0 mA 


or V|L per Truth Table 


1, 


Input HIGH Current 






40 


fjA 


Vcc = MAX, V,,^ - 2.7 V 


MH 






0.2 


mA 


Vcc = MAX, V,fg = 10V 


'IL 


Input LOW Current 






-0.6 


mA 


Vcc - MAX, V,N = 0.4 V 


'cc 


Power Supply Current 




6.1 


10 


mA 


Vcc = MAX 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Vlh 
Vhl 


Propagation Delay, Other Input LOW 






23 
23 


ns 


Vcc " ^-^ ^ 


¥lh 

^PHL 


Propagation Delay, Other Input HIGH 






23 
23 


ns 


Cl^ 15 pF, RL=2.0kQ 



NOTES: 

1. For conditions shown as iVHN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25" C. 
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FAIRCHILD • 9LS266 {54LS/74LS266) 



J 



QUAD 2-INPUT EXCLUSIVE NOR GATE 






TRUTH TABLE 



IN 


OUT 


A 


B 


Z 


L 
L 
H 
H 


L 
H 
L 
H 


H 
L 
L 
H 



*Open Collector Outputs 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (V^c) 


jniV/IpCDAJIJDp 




MIN 


TYP 


MAX 




9LS266XM /54LS266XM 


4.5 V 


5.0 V 


5.5 V,#% 


'"|%^^Cto 125°C 


9LS266XC/74LS266XC 


4.75 V 


5.0 V 


^^^ ^,^ 5.%i;j 


0°Cto 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING 1 


rEJVIPEI 


^ATURI 


E RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER % 


LflVIITS 


UNITS 


TEST CONDITIONS (Note 1) 


? MfN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH voltage 
for All Inputs 


V|L 


j»«gp4 LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc=M"^' liN^-ISfTiA 


'oh 


Output HIGH Current 






100 


M 


Vqq = MIN, Vqh = 5.5 V 

V||»g = V|^ or V|[_ per Truth Table 


v.,^. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql = 4.0 mA 


Vcc = MIN,V,N = V,H 


^OL 


XC 




0.35 


0.5 


V 


Iql = 80 f"A 


or VjL per Truth Table 


III 1 


Input HIGH Current 






40 


M 


Vcc = MAX, V,N = 2.7 V 


'IH 






0.2 


mA 


V^c^MAX, V,M = 10V 


'IL 


Input LOW Current 






-0.6 


mA 


Vcc ^ ^^^- VjN " 0.4 V 


'cc 


Power Supply Current 




8.0 


13 


mA 


Vcc ^ "^AX 



AC CHARACTERISTICS: T^ = 25°C (See Page 4-50 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 

¥hl 


Propagation Delay, Other Input LOW 






23 
23 


ns 


Vcc " ^-^ ^ 


Vlh 
Vhl 


Propagation Delay, Other Input HIGH 






23 
23 


ns 


Cl= 15 pF, RL = 2.0kQ 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Mqq = 5.0 V, T^ = 25° C. 
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FAIRCHILD • 9LS279 (54LS/74LS279) 



QUAD SET-RESET LATCH 



VCC Si R Q Si S2 R Q 




TRUTH TABLE 



INPUTS 


OUTPUT 
(Q) 


Si 


S2 


R 


L 
L 
X 
H 
H 


L 
X 
L 
H 
H 


L 
H 
H 
L 
H 


h 
H 
H 
L 
No Change 



L = LOW Voltage Level 
H=HIGH Voltage Level 
X ^ Don't Care 

h = The output is HIGH as long as 
Si or S2 is LOW. If all inputs go 
HIGH simultaneously, the output 
state is indeterminate; otherwise, 
it follows the Truth Table. 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS279XM/54LS279XM 


4.5 V 


5.0 V 


5.5 V 


-55''Cto125°C 


9LS279XC/74LS279XC 


4.75 V 


5.0 V 


5.25 V ,m. 

.- . il_i 


'■'" 0°CtD75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 






MIN 


s;*, 'tf- ■■■■ 


MAX 




V|H 


Input HIGH Voltage %. 1? 


^|'i## 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


V.I 


Input LOW Voltage 


p%l» 






0.7 


V 


Guaranteed Input LOW Voltage 


^IL 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l,|sj = -18mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN,loH = -400M 


XC 


2.7 


3.4 




V||yj - V|H or V|L per Truth Table 


Vol 


Output LOW Voltage 


XM.XC 




0.25 


0.4 


V 


lOL = 4.0 mA 


Vcc = MIN, V|N = V|H or 


XC 




0.35 


0.5 


V 


'OL ~ ^-^ ^^ 


V|L per Truth Table 


III 1 


Input HIGH Current 






20 


M 


Vcc = MAX, V,N = 2.7 V 


MH 






0.1 


mA 


VcQ = MAX, V|N= 10 V 


'IL 


Input LOW Current 






-0.4 


mA 


Vcc = MAX, V,N = 0.4 V 


'os 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc = MAX, Vqut = V 


'cc 


Power Supply Current 




3.8 


7.0 


mA 


Vcc = MAX 


NOTES: 
1. For con 


ditions shown as MiN or 


MAX, use the 


appropria 


te value sp 


ecified un 


der recomrr 


lended operating c 


;onditions for the applicable 



device type. 

2. Typical limits are at Vqc = 5.0 V, T/^ = 25° C. 

3. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: Tyv = 25°C ( 


See Page 4-50 for Waveforms) 






SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Vlh 

^PHL 


Propagation Delay, S to Output 






22 

15 


ns 


Vcc " ^-^ ^ 


¥hl 


Propagation Delay, R to Output 






27 


ns 


Cl — 15 pF 
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FAIRCHILD • 9LS365 (54LS/74LS365) • 9LS366 (54LS/74LS366) 
9LS367 (54LS/74LS367) • 9LS368 (54LS/74LS368) 



9LS365 {54LS/74LS365) 

HEX 3-STATE BUFFER WITH 

COMMON 2-INPUT NOR ENABLE 




TRUTH TABLE 



INPUTS 


OUTPUT 


El 


E2 


D 


L 


L 


L 


L 


L 


L 


H 


H 


H 


X 


X 


(Z) 


X 


H 


X 


(Z) 



9LS367 (54LS/74LS367) 

HEX 3-STATE BUFFER 

SEPARATE 2-BIT AND 4-BIT SECTIONS 



VCC E 



16 15 14 13 12 11 10 9 



D 



r^. .r^. .r^ 



2 3 4 I 5 6 7 



TRUTH TABLE 



INPUTS 


OUTPUT 


E 


D 


L 

L 
H 


L 
H 
X 


L 
H 
(Z) 



9LS366 (54LS/74LS366) 

HEX 3-STATE INVERTER BUFFER 

WITH COMMON 2-INPUT NOR ENABLE 



Vcc 



D 



^ ^ r r r 



TRUTH TABLE 



INPUTS 


OUTPUT 


El 


E2 


D 


L 


L 


L 


H 


L 


L 


H 


L 


H 


X 


X 


(Z) 


X 


H 


X 


(Z) 



9LS368 (54LS/74LS368) 

HEX 3-STATE INVERTER BUFFER 

SEPARATE 2-BIT AND 4-BIT SECTIONS 



vcc 




TRUTH TABLE 



INPUTS 


OUTPUT 


E 


D 


L 
L 
H 


L 
H 
X 


H 
L 

(Z) 



DESCRIPTION - The 9LS365/366/367/368 are high speed hex buffers with 3-state outputs. They are organized as single 
6-bit or 2-bit/4-bit, with inverting or non-inverting data (D) paths. The outputs are designed to drive 15 TTL Unit Loads or 
60 Low Power Schottky loads when the Enable (E) is LOW. 

When the Output Enable Input (E) is HIGH, the outputs are forced to a high impedance "off" state. If the outputs of the 
3-state devices are tied together, ail but one device must be in the high impedance state to avoid high currents that would 
exceed the maximum ratings. Designers should ensure that Output Enable signals to 3-state devices whose outputs are tied 
together are designed so there is no overlap. 
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FAIRCHILD • 9LS365 (54LS/74LS365) • 9LS366 (54LS/74LS366) 
9LS367 (54LS/74LS367) • 9LS368 (54LS/74LS368) 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS365XM /54LS365XM 9LS366XM /54LS366XM 
9LS367XM/54LS367XM 9LS368XM/54LS368XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS365XC/74LS365XC 9LS366XC/74LS366XC 
9LS367XC /74LS367XC 9LS368XC /74LS368XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHA RACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 






MIN 


TYP 


MAX 




V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


V/ii 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


^IL 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc=-MIN, ljjvj = -18 mA 


V/^ii 


Output HIGH Voltage 


XM 


2.4 


3.4 






IOH = -10mA 


Vcc " MIN, V,fg = V,H or 


^OH 


XC 


2.4 


3.1 




«0H = -2-6 mA 


VjL per Truth Table 


V/-.. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql^ 12 mA 


Vcc = MIN, V|N = V|H or 


^QL 


XC 




0.35 


0.5 


V 


IOL = 24mA 


V||_ per Truth Table 


'02H 


Output Off Current HIGH 






20 


M 


Vcc ^^ ^^^' VqUT = 2.4 V, Vg = 2.0 V 


'OZL 


Output Off Current LOW 






-20 


M 


Vcc = MAX, Vqut = 0-4 V, Vi = 2.0 V 




Input HIGH Current 






20 


M 


Vcc = MAX, V,N = 2.7 V 


*!H 






0.1 


mA 


Vcc = MAX, V,N = 7.0 V 


'iL 


Input LOW Current 






-0.4 


mA 


Vcc = MAX, V,N = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 3) 


-30 




-100 


mA 


Vcc = MAX,VouT = OV 




Power Supply 
Current 


9LS365/367 




13.5 


24 


mA 


Vcc = MAX, V|M - V, Vg - 4.5 V 


'cc 


9LS366/368 




11.8 


21 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type, 

2. Typical limits are at Vcc ^ 5.0 V, Ta = 25''C. 

3. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ = 25°C, Vcc " ^^ V (See Page 4-41 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 






MIN 


TYP 


MAX 


ItOl OUIMDi 1 nj'iAio 


^PLH 

¥hl 


Propagation Delay, Data to Output 
(9LS365 • 9LS367) 






10 
16 


ns 


Fig. 2 


Cl = 45 pF 


¥lh 
¥hl 


Propagation Delay, Data to Output 
(9LS366 • 9LS368) 






10 
16 


ns 


Fig. 1 


Cl = 45 pF 


*PZH 


Output Enable Time to HIGH Level 






16 


ns 


Figs. 4, 5 


Cl = 45 pF 


tpZL 


Output Enable Time to LOW Level 






30 


ns 


Figs. 3, 5 


R|_ = 667 a 


¥lz 


Output Disable Time from LOW Level 






15 


ns 


Figs. 3, 5 


Cl = 5.0 pF 


¥hz 


Output Disable Time from HIGH Level 






23 


ns 


Figs. 4, 5 


Rl = 667 
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FAIRCHILD • AC WAVEFORMS 



AC TEST CIRCUITS AND WAVEFORMS 

The following test circuits and conditions represent Fairchild's typical AC test procedures. The output loading 
for standard Low Power Schottky devices is a 15 pF capacitor. Experimental evidence shows that test results 
using the additional diode-resistor load are within 0.2 ns of the capacitor only load. The capacitor only load 
also has the advantage of repeatable, easily correlated test results. The input pulse rise and fall times are 
specified at 6 ns to closely approximate the Low Power Schottky output transitions through the active thresh- 
old region. The specified propagation delay limits can be guaranteed with a 15 ns input rise time on all param- 
eters except those requiring narrow pulse widths. Any frequency measurement over 15 MHz or pulse width 
less than 30 ns must be performed with a 6 ns input rise time. 



Test Circuit for Standard Output Devices 



Optional Load (Guaranted - Not Tested) 



J_ DEVICE UNDER ?r; ^L ♦ — 
~ TEST 



*lncludes all probe and jig capacitance 




Test Circuit for Open Collector Output Devices 



^^pt^ 



Tl5pF* 

*lncludes all probe and jig capacitance 



Pulse Generator Settings 

(unless otherwise specified) 



Frequency = 1 mHz 
Duty Cycle = 50% 
tTLH'(V)"= 6 ns 
tTHL W =^ 6 ns 
Amplitude = to 3 V 



Waveform for Inverting Outputs 



^iN 7r^-3^ 



"iv: 



K-tpLH-^ 



Waveform for Non-inverting Outputs 



^r / 



\ 



u, 



"1 
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FAIRCHILD • AC WAVEFORMS 



WAVEFORMS FOR 9LS73, 9LS74, 9LS109, 9LS112, 9LS113, AND 9LS114 

Fig. 1 CLOCK TO OUTPUT DELAYS, 
DATA SET-UP AND HOLD TIMES, CLOCK PULSE WIDTH 



f-^^c:^. 



■mM 



f 



Fig. 2 SET AND CLEAR TO OUTPUT DELAYS, 
SET AND CLEAR PULSE WIDTHS 



\zi__y 



/ 



\ 



\ 



tPHL 
1,3V 



f 



.0../W 



Fig. 3 CLOCK TO OUTPUT DELAYS, DATA 
SET-UP AND HOLD TIMES, CLOCK PULSE WIDTH 



mW/f. 



"A" 

1.3V -^r 



lA/ ( L) -•►I i ' V 

-f- 1.3V Jr- ■ 

________/ L* tvy(H) ^ \ 



'im 



/ 



*The shaded areas indicate when the input is permitted to change for predicatable output performance. 
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.3^WiMiiiiliiiiBiiiiii« 




'-'--''-^^ 




LOVU POVUER SCHOTTKY 
AmD MACROLOGIC^'^TTL 




M^fcuigg^gi^i^Mii 




BMKlBiPiiiil 



fSBiiiiiiHiiSiSji® 




MSf DATA SHEETS 




KS^IMiil^^MlMiiiiillliiiiliMiiSl^^S^^S^ 




ili^^lMWi^«i!«i^lilliiiiliiil 




9LS42 (54LS/74LS42) 

ONEOF-TEN DECODER 



DESCRIPTION - The LSTTL/MSI 9LS42 {54LS/74LS42) is a Multipurpose Decoder 
designed to accept four BCD Inputs and provide ten nnutually exclusive outputs. The 
9LS42 is fabricated with the Schottky barrier diode process for high speed and is 
completely compatible with ail Fairchild TTL families. 



• MULTI-FUNCTION CAPABILITY 

• MUTUALLY EXCLUSIVE OUTPUTS 

• DEMULTIPLEXING CAPABILITY 

• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

• FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 

Ao-;;_A3 
0to9 



LOADING (Note a) 



Address Inputs 

Outputs, Active LOW (Note b) 



HIGH 


LOW 


0.5 U.L. 
10 U.L. 


0.25 U.L. 
5(2.5) U.L. 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 ulA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Connmercial (XC) 
Temperature Ranges. 



LOGIC DIAGRAM 



I® 



YYYYYY 

A® i® A® A® A® A® 



YYY 

A® A® A® 



5 6 



VcC "^ Pi" "IS 
GND = Pin 8 
O = Pin Numbers 



LOGIC SYMBOL 



Aq A^ Aj A3 



0123456789 



1234 5 6 791011 



Vcc = Pin 16 
GND = Pin 8 



CONNECTION DIAGRAM 
DIP (TOP VIEW) 




NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual I n-Line Package. 
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FAIRCHILD • 9LS42(54LS/74LS42) 



FUNCTIONAL DESCRIPTION - The 9LS42 decoder accepts four active HIGH BCD inputs and provides ten mutually 
exclusive active LOW outputs, as shown by logic synnbol or diagram. The active LOW outputs facilitate addressing other MSI 
units with active LOW input enables. 

The logic design of the 9LS42 ensures that all outputs are HIGH when binary codes greater than nine are applied to the 
inputs. 

The most significant input A3 produces a useful inhibit function when the 9LS42 is used as a one-of-eight decoder. The A3 
input can also be used as the Data Input in an 8-output demultiplexer application. 



TRUTH TABLE 



Ao 


Al 


A2 


A3 





1 


2 3 4 


5 


6 7 


8 9 


L 




L 


L 


L 


H 


H H H 


H 


H H 


H H 


H 




L 


L 


H 


L 


H H H 


H 


H H 


H H 


L 




L 


L 


H 


H 


L H H 


H 


H H 


H H 


H 




L 


L 


H 


H 


H L H 


H 


H H 


H H 


L 




H 


L 


H 


H 


H H L 


H 


H H 


H H 


H 




H 


L 


H 


H 


H H H 


L 


H H 


H H 


L 




H 


L 


H 


H 


H H H 


H 


L H 


H H 


H 




H 


L 


H 


H 


H H H 


H 


H L 


H H 


L 




L 


H 


H 


H 


H H H 


H 


H H 


L H 


H 




L 


H 


H 


H 


H H H 


H 


H H 


H L 


L 




L 


H 


H 


H 


H H H 


H 


H H 


H H 


H 




L 


H 


H 


H 


H H H 


H 


H H 


H H 


L 




H 


H 


H 


H 


H H H 


H 


H H 


H H 


H 




H 


H 


H 


H 


H H H 


H 


H H 


H H 


L 


H 


H 


H 


H 


H 


H H H 


H 


H H 


H H 


H 


H 


H 


H 


H 


H 


H H H 


H 


H H 


H H 



H = HIGH Voltage Level 
L = LOW Voltage Level 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
^CC ^^^ Potential to Ground Pin 

* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 nnA 



GUARANTEED OPERATING RANGES 








PART NUMBERS 


SUPPLY VOLTAGE (V^c) 


TEMPERATURE 




MIN 


TYP 


MAX 




9LS42XM/54LS42XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS42XC/74LS42XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD • 9LS42(54LS/74LS42) 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 




SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 




MIN 


TYP 


MAX 




V|H 


input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


Vi, 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 




^IL 


XC 






0.8 




VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MINJ|N = -18mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = M«N. Iqh = -400 /iA 
V||sj = V|H or V||_ per Truth Table 




XC 


2.7 


3.4 






M^, 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql = 4.0 mA 


Vcc = MIN, V|N = V|H 
V|L per Truth Table 


or 


^OL 


XC 




0.35 


0.5 


V 


l0L= 8.0 mA 




1.. . 


Input HIGH Current 






20 


M 


\Jqq = MAX, V,^ = 2.7 V 


'IH 






0.1 


mA 


Vcc = MAX, V„^ = 10V 


'IL 


Input LOW Current 






0.4 


mA 


VqC = MAX, Vji^j = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc = MAX, Vqut = V 


'cc 


Power Supply Current 




7.0 


12 


mA 


Vqc = MAX 


NOTES: 
1 . The act 


ual testing procedures used t{ 


D guarantee t 


he Electric 


;al Charact 


eristics are 


contained 


in a detailed Customer Sample Specification 


A 



copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqc == 5.0 V, T^ = 25° C. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ = 


25°C 












SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


tpLH 
tpHL 


Propagation Delay 
(2 Levels) 




11 
18 


18 
25 


ns 


Fig. 2 


Vqc = 5.0 V 


^PLH 

¥hl 


Propagation Delay 
(3 Levels) 




12 
19 


20 
27 


ns 


Fig. 1 


Cl= 15 pF 



AC WAVEFORMS 



v._y 



[— tpHL 



d 



Fig. 1 






\^_2; /-'■'" 



V|N -JL-1.3V —¥— \.2\J 



\^ 



Fig. 2 



^tpLH--| 



^v 
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9LS83 (54LS/74LS83A) 

4-BIT BINARY FULL ADDER WITH FAST CARRY 



DESCRIPTION - The 9LS83 (54LS/74LS83A) is a high-speed 4-Bit Binary Full Adder 
with internal carry lookahead. It accepts two 4-bit binary words (A-j — A4, Bj — B4) and 
a Carry Input (C||\|). It generates the binary Sum outputs {2i — 24) and the Carry 
Output (Cqut) "from the most significant bit. The 9LS83 operates with either active 
HIGH or active LOW operands (positive or negative logic). The 9LS283 (54LS/74LS283) 
is recommended for new designs since it is identical in function with this device and 
features standard corner power pins. 



PIN NAMES 




A1-A4 


Operand A Inputs 


B1-B4 


Operand B Inputs 


C|N 


Carry Input 


21-24 


Sum Outputs (Note b) 


COUT 


Carry Output (Note b) 



LOADING (Note a) 


HIGH 


LOW 


1.0 U.L 


0.5 U.L 


1.0 U,L. 


0.5 U.U 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5(2.5) U.L. 


10 U.L. 


5(2.5) U.L. 



NOTES: 

a. 1 TTL Unit Load (U.L.) - 40mA HJGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. tor Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 



LOGIC DIAGRAM 



C|M Ai Bi ^2 ^2 A3 B3 A4 B4 

® ®l® ®1® ®I0 ©I® 




Vcc = Pin 5 
GND = Pin 12 
O = Pin Numbers 



LOGIC SYMBOL 



10 }T 8 7 3 4 1 16 



U. 



At Bi A2 B2 A3 B3 A4 B, 

N Cqut 

Si Sj 23 24 C4 



TTTT 

9 6 2 15 14 



Vcc = Pin 5 
GND = Pin 12 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 



c 

C 



Cqut 



:]i6 

3 15 

312 

3" 

310 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS83 (54LS/74LS83A) 



FUNCTIONAL DESCRIPTION - The 9LS83 adds two 4-bit binary words (A plus B) plus the incoming carry. The binary 
sum appears on the sum outputs (Si — 1)4) and outgoing carry (Cqut) outputs. 

C|N+(Ai+Bi)+2{A2+B2)+4{A3+B3)+8(A4+B4) = 2 1 +22:2+423+824+ I6C0UT 
Where: (+) = plus 

Due to the symmetry of the binary add function the 9LS83 can be used with either all inputs and outputs active HIGH 
(positive logic) or with all inputs and outputs active LOW (negative logic). Note that with active HIGH inputs. Carry In can 
not be left open, but must be held LOW when no carry in is intended. 

Example: 



(10+9=19) 
(carry+5+6=12) 





C|N 


Al A2 A3 A4 


Bl B2 B3 B4 


Si X2 23 24 


COUT 


logic levels 


L 


L H L H 


H L L H 


H H L L 


H 


Active HIGH 





10 1 


10 1 


110 


1 


Active LOW 


1 


10 10 


110 


11 






Interchanging inputs of equal weight does not affect the operation, thus C|f\j, A], Bi, can be arbitrarily assigned to pins 10, 
11, 13, etc. 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vqq Pin Potential to Ground Pin 

* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5Vto+15V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (V^c) 


TEMPERATURE 




MIN 


TYP 


MAX 




9LS83XM/54LS83AXM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS83XC/74LS83AXC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD « 9LS83 (54LS/74LS83A) 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 








MIN 


TYP 


MAX 


TEST C0NDITIua\iC5 iiMOie i; 




V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed input HIGH Voltage 
for AH Inputs 


Vi. 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 
for All Inputs 




^iL 


XC 






0.8 




VcD 


input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqq = MIN, !j,sj = -18 mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN, loH = ~400M 
Vjn^ = V||_j or Vj|_ per Truth Table 




XC 


2.7 


3.4 






V^. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql "^ ^0 mA 


Vcc = MIN, V,N = V,H 
V||_ per Truth Table 


or 


^OL 


XC 




0.35 


0.5 


V 


Iql ^ 8.0 mA 




'SH 


Input HIGH Current 
Cjjsi 
Any A or B 






20 
40 


//A 


Vqq = MAX, V„sj = 2.7 V 




Any A or B 






0.1 
0.2 


mA 


Vcc = MAX, V,N==''OV 


^!L 


Input LOW Current 
Any A or B 






-0.4 
-0.8 


mA 


Vqq = MAX, Vjiy, = 0.4 V 


'os 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


V^c = MAX, VouT = V 




Power Supply Current 




22 


39 


mA 


V(3c = MAX, All Inputs V 


'CC 




19 


34 


mA 


Vcc " '^AX, A Inputs = 4.5 V 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchiid Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqc "^ 5.0 V, T/\ = 25° C. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERiSTJCS: T^ = 25°C 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


¥lh 
¥hl 


Propagation Delay, Cjj^^ Input 
to Any X Output 






24 
24 


ns 




Vlh 
¥hl 


Propagation Delay, Any A or B Input 
to 2 Outputs 






24 
24 


ns 


Vcc = ^-Q V 
C^ - 1 5 pF 


*plh 
¥hl 


Propagation Df ay, C^^ Input 
to Cqut Output 






17 
17 


ns 


Figures 1 and 2 


¥lh 

tpHL 


Propagation Delay, Any A or B Input 
to Cquj Output 






17 
17 


ns 





AC WAVEFORMS 



^iN 7^^-^ 



\; 



X 




Fig. 1 



Fig. 2 
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9LS90 (54LS/74LS90) • 9LS92 (54LS/74LS92) 

DECADE COUNTER DIVIDE-BY-TWELVE COUNTER 

9LS93 (54LS/74LS93) 

4-BIT BINARY COUNTER 



DESCRiPTION - The 9LS90 (54LS/74LS90), 9LS92 (54LS/74LS92) and 9LS93 
(54LS/74LS93) are high-speed 4-bit ripple type counters partitioned into two sections. 
Each counter has a divide-by-two section and either a divide-by-five (9LS90), 
divide-by-six (9LS92) or divide-by-eight (9LS93) section which are triggered by a 
HIGH-to-LOW transition on the clock inputs. Each section can be used separately or tied 
together (Q to CP) to form BCD, bi-quinary, modu!o-12, or modulo-16 counters. AH of 
the counters have a 2-input gated Master Reset (Clear), and the 9LS90 also has a 2-input 
gated Master Set {Preset 9). 



LOW POWER CONSUMPTION TYPICALLY 45 mW 

HIGH COUNT RATES .... TYPICALLY 50 MHz 

CHOICE OF COUNTING MODES BCD, BIQUINARY, DIVIDE-BY-TWELVE, 

BINARY 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 



CPn 



LOADING (Note a) 



CPi 



CPi 



MR-j, MR2 
MSi,MS2 

Ql,Q2,Q3 



Clock (Active LOW going edge) Input to 
^2 Section 

Clock (Active LOW going edge) Input to 
~5 Section (9LS90), -^6 Section (9LS92) 

Clock (Active LOW going edge) Input to 
^8 Section (9LS93) 

Master Reset (Clear) Inputs 

Master Set (Preset-9, 9LS90) Inputs 

Output from -r2 Section (Notes b & c) 

Outputs from ^5 (9LS90), -^6 (9LS92), 
^8 (9LS93) Sections (Note b) 



HIGH 


LOW 


3.0 U.L. 


1.5 U.L. 


2.0 U.L. 


2.0 U.L 


1.0 U.L. 


1.0 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5(2.5) U.L. 


10 U.L. 


5(2.5) U.L. 



NOTES: 

a. 1 TTL Unit Load (U.L.) =40iuA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for iVIilitary (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. _ 

c. The Go Outputs are guaranteed to drive the full fan-out plus the CP-| input of the device. 



LOGIC SYMBOL 
9tS90 



6 7 

ii 



MR °0 '^1 ^2 '^3 



¥ 



2 3 12 9 8 

Vcc = P'" 5 

GND= Pin 10 
NC = Pins 4, 13 



9LS92 



MR Qq Qt Q2 Q3 



¥ 



6 7 12 n 9 8 

Vcc ^ Pi" 5 

GND = Pin 10 

NC = Pins2, 3, 4, 13 



9LS93 



MR % Ql Q2 Q3 



¥ 



2 3 12 9 8 11 

Vcc = P'" 5 

GND = Pin 10 

NC = Pins 4, 6, 7, 13 
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FAIRCHILD • 9LS90 • 9LS92 • 9LS93 



LOGIC DIAGRAM 



9LS90 



© 

:'=r>- 



© 



— O cp 

K Q 



o 



:?0 



J Q 

-O CP 



© 



© 



^ 



© 



® 



O = Pin Numbers 

Vcc ^ P'" 5 
GND= Pin 10 



CONNECTION DIAGRAM 


DIP (TOP VIEW) 


c 


^ 


■^ 


J14 


d 


MR^ 


NC 


J13 


3L 


MR^ 


Qq 


Jr. 


^L 


NC 


Q3 


J^^ 


5C 


^CC 


GND 


J10 


^n 


MS^ 


Qi 


J« 


^c 


MS^ 


°2 


Db 



NC = No Internal Comiection 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 



LOGIC DIAGRAM 



9LS92 




© 



© 



© 



© 



O = Pin Numbers 

Vcc = Pin 5 
GND = Pin 10 



CONNECTION DIAGRAM 


DIP (TOP VIEW) 


^d 


"cP> 


"^ 


ni4 


2c: 


NC 


NC 


D13 


3n 


NC 


Qq 


Ju 


4[j 


NC 


Qi 


J^1 


bQ 


Vcc 


GND 


J10 


6L 


MR^ 


°2 


J9 


d 


IVIR2 


Q3 


JB 



NC = No Internal Connection 

NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 



LOGIC DIAGRAM 



9LS93 



© 



-p.© 



T 



© 



© 



© 



© © 



O = Pin Numbers 

Vcc = P'" 5 
GND = Pin 10 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 



3L 



J13 

:]12 

D8 



NC = No Internal Connection 

NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS90 • 9LS92 • 9LS93 



FUNCirONAL DESCRIPTION - The 9LS90, 9LS92, and 9LS93 are 4-bit ripple type Decade, Divide-By-Twelve, and Binary 
Counters respectively. Each device consists of four master/slave flip-flops which are internally connected to provide a 
divide-by-two section and a divide-by-five (9LS90), divide-by-six (9LS92), or divide-by-eight {9LS93) section. Each section 
has a separate clock input which initiates state changes of the counter on the HiGH-to-LOW clock transition. State changes of 
the Q outputs do not occur simultaneously because of internal ripple delays. Therefore, decoded output signals are subject to 
decoding spikes and should not be used for clocks or strobes. The Qq output of each device is designed and specified to drive 
the rated fan-out plus the CPi input of the device. 

A gated AND asynchronous Master Reset (MR-i *I\/1R2) is provided on all counters which overrides and clocks and resets 
(clears) all the flip-flops. A gated AND asynchronous Master Set (MS-1/MS2) is provided on the 9LS90 which overrides the 
clocks and the MR inputs and sets the outputs to nine (HLLH). 

Since the output from the divide-by-two section is not internally connected to the succeeding stages, the devices may be 
operated in various counting modes.: 



9LS90 

A. BCD Decade (8421) Counter — The CP^ input must be externally connected to the Qq output. The CPq input receives the 
incoming count and a BCD count sequence is produced. 

B. Symmetrical Bi-quinary Divide-By-Ten Counter — The Q^ output must be externally connected to the CPq input. The 
input count is then applied to the CP^ input and a divide-by-ten square wave is obtained at output Qq. 

C. Divide-By-Two and Divide-By-Five Counter - No external interconnections are required. The first flip-flop is used as a 
binary element for the divide-by-two function (CPq as the input and Qq as the output). The CP^ input is used to obtain 
binary divide-by-five operation at the Q^ output. 



9LS92 

A. Modulo 12, Divide-By-Twelve Counter — The CP^ input must be externally connected to the Qq output. The CPq input 
receives the incoming count and Qo produces a symmetrical divide-by-twelve square wave output. 

B. Divide-By-Two and Divide-By-Six Counter — No external interconnections are required. The first flip-flop is used as a 
binary element for the divide-by-two function. The CP^ input is used to obtain divide-by-three operation at the Q-j and Q2 
outputs and divide-by -six operation at the Q3 output. 



9LS93 

A. 4-Bit Ripple Counter — The output Qq must be externally connected to input CP-] . The input count pulses are applied to 
input CPq. Simultaneous divisions of 2, 4, 8, and 16 are performed at the Qq, Q-j, Q2, and Q3 outputs as shown in the 
truth table. 

B. 3-Bit Ripple Counter ~ The input count pulses are applied to input CP-j. Simultaneous frequency divisions of 2, 4, and 8 
are available at the Q-j, Q2, and Q3 outputs. Independent use of the first flip-flop is available if the reset function 
coincides with reset of the 3-bit ripple-through counter. 
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FAIRCHILD ® 9LS90 • 9LS92 • 9LS93 



9LS90 
MODE SELECTION 



RESET/SET INPUTS 


OUTPUTS 


MR^ 


MR2 


MSi 


MS2 


QO 


Ql ^2 


Q3 


H 


H 


L 


X 


L 


L L 


L 


H 


H 


X 


L 


L 


L L 


L 


X 


X 


H 


H 


H 


L L 


H 


L 


X 


L 


X 




Count 




X 


L 


X 


L 




Count 




L 


X 


X 


L 




Count 




X 


L 


L 


X 




Count 





H - HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 



9LS92AND9LS93 
fV!6DE SELECTION 



RESET 
INPUTS 


OUTPUTS 


MR^ 


IVIR2 


Qq Qi Q2 Q3 


H 

L 
H 
L 


H 
H 

L 
L 


L L L L 
Count 
Count 
Count 



H = HIGH Voltage Level 
L - LOW Voltage Level 
X = Don't Care 



9LS90 
BCD COUNT SEQUENCE 



9LS92 
TRUTH TABLE 



9LS93 
TRUTH TABLE 



COUNT 


OUTPUT 


% 


Q1 Q2 


Q3 





L 


L L 


L 


1 


H 


L L 


L 


2 


L 


H L 


L 


3 


H 


H L 


L 


4 


L 


L H 


L 


5 


H 


L H 


L 


6 


L 


H H 


L 


7 


H 


H H 


L 


8 


L 


L L 


H 


9 


H 


L L 


H 



NOTE: Output Qg is connected to Input 
CP-i for BCD count. 



COUNT 


OUTPUT 


Qo 


Qi Q2 


Q3 





L 


L L 


L 


1 


H 


L L 


L 


2 


L 


H L 


L 


3 


H 


H L 


L 


4 


L 


L H 


L 


5 


H 


L H 


L 


6 


L 


L L 


H 


7 


H 


L L 


H 


8 


L 


H L 


H 


9 


H 


H L 


H 


10 


L 


L H 


H 


11 


H 


L H 


H 



Note: Output Qq connected to input CP^ . 



COUNT 


OUTPUT 


Go 


Qt Q2 


Q3 





L 


L L 


L 


1 


H 


L L 


L 


2 


L 


H L 


L 


3 


H 


H L 


L 


4 


L 


L H 


L 


5 


H 


L H 


L 


6 


L 


H H 


L 


7 


H 


H H 


L 


8 


L 


L L 


H 


9 


H 


L L 


H 


10 


L 


H L 


H 


11 


H 


H L 


H 


12 


L 


L H 


H 


13 


H 


L H 


H 


14 


L 


H H 


H 


15 


H 


H H 


H 



Note: Output Qq connected to input CP-j . 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vqq Pin Potential to Ground Pin 

* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or input Current limit is sufficient to protect the inputs. 



"65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

"0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 
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FAIRCHILD • 9LS90 • 9LS92 • 9LS93 



GUARANTEED OPERATING RANGES 



PART NUMRFRS 


SUPPLY VOLTAGE {Vqq) 


TEMPERATURE 




MIN 


TYP 


MAX 




9LS90XM/54LS90XM 
9LS92XM/54LS92XM 
9LS93XM/54LS93XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125^C 


9LS90XC/74LS90XC 
9LS92XC/74LS92XC 
9LS93XC/74LS93XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


Vi. 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


^IL 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc= MiN, l„^ = -18mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqq = MIN, Iqh = -400 yuA 


XC 


2.7 


3.4 




^IN "^ ^IH °'" ^IL P®'' ^^^^^ Table 


Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


l0L = 4.0 mA 


Vcc = MIN, VjN = V|H or 


XC 




0.35 


0.5 


V 


l0L= 8-0 mA 


V|L per Truth Table 


'in 


Input HIGH Current 
MS, MR 
CPo 

CPi (LS93) 
CP^ (LS90, LS92) 






20 

120 

40 

80 


fjA 


Vcc = MAX, V,^, = 2.7 V 


MS, MR 

CPq, CPi {LS93) 

CPi {LS90, LS92) 






0.1 
0.4 
0.8 


mA 


Vcc" ^^^' V|N== 10 V 


'IL 


Input LOW Current 
MS, MR 
CPo 

CPi (LS93} 
CPt (LS90, LS92) 






-0.4 

-2.4 

-1.6 

3.2 


mA 


Vcc " ^^^' ^IN ^ 0-4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc = MAX, VoyT = 0V 


'cc 


Power Supply Current 




9 


15 


mA 


Vcc = MAX 



NOTES 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqc =" 5.0 V, T/\ = 25° C, and maximum loading. 

5. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS90 • 9LS92 • 9LS93 



AC CHARACTERISTrCS: T^ = 25°C, Vqq = 5.0 V, Cl = 15 pF 





PARAMETER 


LIMITS 


UNITS 




SYMBOL 


9LS90 


9LS92 


9LS93 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




^MAX 


CPq Input Count Frequency 


32 




32 




32 




MHz 


Fig. 1 


*MAX 


CPi Input Count Frequency 


16 




16 




16 




MHz 


Fig. 1 


^PLH 
tpHL 


Propagation Delay, 
CPq Input to Qq Output 




16 
18 




16 
18 




16 
18 


ns 




^PLH 


CP"! Input to Q-i Output 




16 
21 




16 
21 




16 
21 


ns 




tpLH 
*PHL 


CP-j Input to Q2 Output 




32 
35 




16 
21 




32 
35 


ns 


Fig. 1 


^PLH 


CP-i Input to Q3 Output 




32 
35 




32 
35 




51 
51 


ns 




*PLH 
*PHL 


CPq Input to Q3 Output 




48 
50 




48 
50 




70 
70 


ns 




Vlh 


MS Input to Qq and Q3 Outputs 




30 










ns 


Fig. 3 


^PHL 


MS Input to Q-j and Q20utputs 




40 










ns 


Fig. 2 


¥hl 


MR Input to Any Output 




40 





40 




40 


ns 


Fig. 2 



AC SET-UP REQUIREMENTS: T^ = 25°C, Vcc = 50 V 





PARAMETER 


LIMITS 


UNITS 




SYMBOL 


9LS90 


9LS92 


9LS93 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




% 


CPq Pulse Width 


15 




15 




15 




ns 


Fig. 1 


% 


CP-i Pulse Width 


30 




30 




30 




ns 




^W 


MS Pulse Width 


15 












ns 


Fig. 2, 3 


% 


MR Pulse Width 


15 




15 




15 




ns 


Fig. 2 


Vec 


Recovery Time MS to CP 


25 












ns 


Fig. 2, 3 


tree 


Recovery Time MR to CP 


25 




25 




25 




ns 


Fig. 2 



RECOVERY TIME (t^g^,) is defined as the minimum time required between the end of the reset pulse and the clock transition from HIGH-to- 
LOW in order to recognize and transfer HIGH data to the Q outputs. 



AC WAVEFORMS 



^- — ^^ ., -^ p 



^ 



Fig. 1 

The number of Clock Pulses required between the tp[_||_ and tp|_|_j measurements can be determined from the appropriate Truth Tables. 





1.3 y 




MS 
CP 

Q0.Q3 

(LS90) 


1.3 vy 




MR&MS 


< \- 


< X'" 






^■w— 4^W-^ 




CP 


tp|_u_ 


X--3V 


tPLH — 


X..3V 


Q 




Fig. 2 




Fig. 3 
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9LS95 (54LS/74LS95B) 

4-BIT SHIFT REGISTER 



DESCRIPTION - The 9LS95 {54LS/74LS95B) is a 4-Bit Shift Register with serial and 
parallel synchronous operating modes. The serial shift right and parallel load are activated 
by separate clock inputs which are selected by a mq^e control input. The data is 
transferred from the serial or parallel D inputs to the Q outputs synchronous with the 
HIGH to LOW transition of the appropriate clock input. 

The 9LS95 is fabricated with the Schottky barrier diode process for high speed and is 
completely compatible with all Fairchild TTL families. 

• SYNCHRONOUS, EXPANDABLE SHIFT RIGHT 

• SYNCHRONOUS SHIFT LEFT CAPABILITY 

• SYNCHRONOUS PARALLEL LOAD 

• SEPARATE SHIFT AND LOAD CLOCK INPUTS 

• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

• FULLY TTL AND CMOS COMPATIBLE 



LOADING (Note a) 



PIN NAMES 




S 


Mode Control Input 


DS 


Serial Data Input 


P0-P3 


Parallel Data Inputs 


CPi 


Ser^l ClQpk (Active LOW Going 




Edg^l Input 


CP2 


Parallel Clock (Active LOW Going 




Edge) Input 


Q0-Q3 


Parallel Outputs (Note b) 



HIGH 


LOW 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


1.0 U.L. 


0.5 U.L. 


1.0 U.L. 


0.5 U.L 


10 U.L. 


5(2.5) U.L. 



NOTES: 

a. 1 TTL Unit Load (U.L J = 40 mA HlGH/1.6mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 



LOGIC SYMBOL 




6 2 3 4 5 

1 1 M 1 


— 


S Po Pi P2 P3 
Ds 


-0 


CPi 


-0 


CPo 

Qo Qi Q2 Q3 




JIM 

13 12 11 10 


VCC = Pin 14 




GND = Pin 7 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 



5 11^3 

7[^ GND CPj 



J14 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 



LOGIC DIAGRAM 



^^rl>°r> 




Vcc -Pin 14 
GND = Pin 7 
O = Pin Numbers 
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FAIRCHILD • 9LS95 (54LS/74LS95B) 



FUNCTIONAL DESCRIPTION - The 9LS95 is a 4-Bit Shift Register with serial and parallel synchronous operating modes. 
It has a Serial (D5) and four Parallel (Pq — P3) Data inputs and four Parallel Data outputs (Qq — Q3). The serial or parallel 
mode of operation is controlled by a Mode Control input (S) and two Clock inputs (CP-]) and (CP2). The serial (right-shift) or 
parallel data transfers occur synchronous with the HIGH to LOW transition of the selected clock input. 

When the Mode Control input (S) is HIGH, CP2 is enabled. A HIGH to LOW transition on enabled CP2 transfers parallel data 
from the Pq — P3 inputs to the Qq — Q3 outputs. 

When the Mode Control input (S) is LOW, CP-j is enabled. A HIGH to LOW transition on enabled CP-] transfers the data from 
Serial input (Dg) to Qq and shifts the data in Qq to Q-j, Q-j to Q2, and Q2 to Q3 respectively (right-shift). A left-shift is 
accomplished by externally connecting Q3 to P2, Q2 to P-], and Q-j to Pq, and operating the 9LS95 in the parallel mode 
(S= HIGH). 

For normal operation, S should only change states when both Clock inputs are LOW. However, changing S from LOW to 
HIGH while CP2 is HIGH, or changing S from HIGH to LOW while CPi is HIGH and CP2 is LOW will not cause any changes 
on the register outputs. 



MODE SELECT -TRUTH TABLE 



OPERATING MODE 


INPUTS 


OUTPUTS 


S 


CPi 


CP2 


DS 


Pn 


Qo 


Qi Q2 


Q3 


Shift 


L 
L 


"L 


X 
X 


1 
h 


X 
X 


L 
H 


% ^1 


q2 
q2 


Parallel Load 


H 


X 


\ 


X 


Pn 


PO 


Pi P2 


P3 




"L 


L 


L 


X 


X 




No Change 






-T 


L 


L 


X 


X 




No Change 






1. 


H 


L 


X 


X 




No Change 




Mode Change 


J" 
1 


H 


L 

H 


X 
X 


X 
X 




Undetermined 
Undeternnined 






I 


L 


H 


X 


X 




No Change 






1 


H 


H 


X 


X 




Undetermined 






J 


H 


H 


X 


X 




No Change 





L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Don't Care 

I = LOW Voltage Level one set-up time prior to the HIGH to LOW clock transition, 
h = HIGH Voltage Level one set-up time prior to the HIGH to LOW clock transition, 
p^ = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to 
the HIGH to LOW clock transition. 



5-16 



FAIRCHILD • 9LS95(54LS/74LS95B) 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vqq Pin Potential to Ground Pin 

* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (Vcc) 


TEMPERATURE 


MIN 


TYP 


MAX 




9LS95XM/54LS95BXM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS95XC/74LS95BXC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless othe 


rwise specified) 




PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 




MIN 


TYP 


MAX 


VlH 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


Vii 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Threshold 


^IL 


XC 






0.8 


Voltage for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc= MIN, liN^-IS mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqc = MIN, Iqh = -400 M 


XC 


2.7 


3.4 




^IN "^ ^IH °'' ^IL P®"" T""^^"^ T^^'^ 


V,-x, 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql = 4.0 mA 


Vcc = MIN, V|N = ViH or 


^OL 


XC 




0.35 


0.5 


V 


Iql = 8.0 mA 


V||_ per Truth Table 


'IH 


Input HIGH Current 

S- Dg, Pq. Pv P2' P3 
CP-,, CP2 






20 
40 


M 


Vcc = MAX, V„^j - 2.7 V 


S,Ds,Po,Pi,P2,P3 
CPt, CP2 






0.1 
0.2 


mA 


Vcc= MAX, V|,sj = 10 V 


'IL 


Input LOW Current 

S, Dg, Pq, Pv P2' P3 
CPi,CP2 






-0.4 
-0.8 


mA 


Vcc= MAX, V|fsj = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc = IVIAX, Vqut = V 


'cc 


Power Supply Current 




13 


21 


mA 


Vcc = MAX 



NOTES: 

1, The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification, A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California, 

2, Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3, The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4, Typical limits are at Vqc = 5.0 V, T^ = 25° C. 

5, Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS95(54LS/74LS95B) 



AC CHARACTERISTICS: Ta = 25°C 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^MAX 


Shift Frequency 


30 


40 




MHz 


Fig. 1 


Vqq = 5.0 V 


tpLH 
tpHL 


Propagation Delay, 
Clock to Output 




20 
18 


27 
27 


ns 


Fig. 1 


Cl= 15pF 



AC SET UP REQUIREMENTS: T^ = 25°C 














SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


%(CP) 


Clock Pulse Width 


20 






ns 


Fig. 1 




^(Data) 


Set-up Time, Data to Clock 


20 






ns 


Fig. 1 




^h(Data) 


Hold Time, Data to Clock 


10 






ns 


Vcc = 5.0 V 


^sL 


Set-up Time, LOW Mode Control to Clock 


20 






ns 


Fig. 2 


Cl= 15pF 


thL 


Hold Time, LOW Mode Control to Clock 









ns 




tsH 


Set-up Time, HIGH Mode Control to Clock 


20 


' 




ns 


Fig. 2 




thH 


Hold Time, HIGH Mode Control to Clock 









ns 





DEFINITIONS OF TERMS: 

SET-UP TIME (tg) — is defined as the nninimum time required for the correct logic level to be present at the logic input prior 

to the clock transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

HOLD TIME (t^) — is defined as the minimum time following the clock transition from HIGH to LOW that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from HIGH to LOW and still be recognized. 



AC WAVEFORMS 

The shaded areas indicate when the input is permitted to change for predictable output performance. 

wwww 




CPy OR CPj 




*The Data Input is 
(DsforCPi) or (Pp for CP2). 



Fig. 1 



m'\Hi.'^ ^ 



H - L ON LY) \ \ ////////////// ///J ( L - H ON L Y)/ / \I///// ///////// < L - H ON I 

\\\VvK-J«///// ■■■ mm/// 



.r-\ 




th(LOR H)- 



/-^ 



y/ y__/ \ 



Fig. 2 
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9LS138 (54LS/74LS138) 

l-OF-8 DECODER/DEMULTIPLEXER 



DESCRIPTION - The LSTTL/MSl 9LS138 (54LS/74LS138) is a high speed 1-of-8 
Decoder/Demultiplexer. This device is ideally suited for high speed bipolar memory chip 
select address decoding. The multiple input enables allow parallel expansion to a 1-of-24 
decoder using just three 9 LSI 38 devices or to a 1-of-32 decoder using four 9 LSI 38s and 
one inverter. The 9LS138 is fabricated with the Schottky barrier diode process for high 
speed and is completely compatible with all Fairchild TTL families. 



DEMULTIPLEXING CAPABILITY 

MULTIPLE INPUT ENABLE FOR EASY EXPANSION 

TYPICAL POWER DISSIPATION OF 32 mW 

ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 


Address Inputs 


LOADING (Note a) 




HIGH 


LOW 


A0-A2 


0.5 U.L 


0.25 U.L. 


Ei,E2 


Enable (Active LOW) Inputs 


0.5 U.L 


0.25 U.L 


E3 


Enable (Active HIGH) Input 


0.5 U.L 


0.25 U.L 


O0-O7 


Active LOW Outputs (Note b) 


10 U.L. 


5(2.5) U.L 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 nA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercia! (XC) 
Tennperature Ranges. 



LOGIC DIAGRAM 




El E2 E3 Vcc^Pinie 

®[®|®j GND = Pin 8 

O = Pin Nunnbers 



Y 



t 



V 

X 




LOGIC SYMBOL 



Oq Ot O2 O3 O4 O5 Og O7 



innni 

15 14 13 12 11 10 9 7 



Vcc = Pin 16 
GND = Pin 8 



CONNECTION DIAGRAM 
DIP (TOP VIEW) 



c 


AO ^ 




3"- 


c 


At 


Bo 


3,5 


3E 


A2 


0, 


Ju 


c 


El 


O2 


D« 


c 


h 


03 


Ju 


c 


E3 


O4 


J- 


c 


07 


05 


3,0 


c 


GND 


06 


Jo 



NOTE: 

The Flatpak version has the same 
pinouts {Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS138 (54LS/74LS138) 



FUNCTIONAL DESCRIPTION - The 9LS138 is a high speed 1-of-8 Decoder/Demultiplexer fabricated with the low power 
Schottky barrier diode process. The decoder accepjs three binary weighted inputs (Aq' A-], A2) and when enabled provides 
eight mutually exclusive active LOW outputs (OQ-O7). The 9 LSI 38 features three Enable inputs, two active LOW {E-j, E2) 
and one active HIGH (E3). All outputs will be HIGH unless E-j and E2 are LOW and E3 is HIGH. This multiple enable 
function allows easy parallel expansion of the device to a 1-of-32 (5 lines to 32 lines) decoder with just four 9LS138s and one 
inverter. (See Figure a.) 

The 9LS138 can be used as an 8-output demultiplexer by using one of the active LOW Enable inputs as the data input and 
the other Enable inputs as strobes. The Enable inputs which are not used must be permanently tied to their appropriate active 
HIGH or active LOW state. 















TRUTH TABLE 












INPUTS 


OUTPUTS 


El 


E2 


E3 


AO 


Al 


A2 


Oo Ol 


O2 


O3 O4 


O5 


06 


O7 


H 


X 


x 


x 


X 


X 


H H 


H 


H H 


H 


H 


H 


X 


H 


X 


X 


X 


X 


H H 


H 


H H 


H 


H 


H 


X 


x 


L 


X 


X 


X 


H H 


H 


H H 


H 


H 


H 


L 


L 


H 


L 


L 


L 


L H 


H 


H H 


H 


H 


H 


L 


L 


H 


H 


L 


L 


H L 


H 


H H 


H 


H 


H 


L 


L 


H 


L 


H 


L 


H H 


L 


H H 


H 


H 


H 


L 


L 


H 


H 


H 


L 


H H 


H 


L H 


H 


H 


H 


L 


L 


H 


L 


L 


H 


H H 


H 


H L 


H 


H 


H 


L 


L 


H 


H 


L 


H 


H H 


H 


H H 


L 


H 


H 


L 


L 


H 


L 


H 


H 


H H 


H 


H H 


H 


L 


H 


L 


L 


H 


H 


H 


H 


H H 


H 


H H 


H 


H 


L 



H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 





Aq A^ Ao e 

93S138 

Oq Ol O2 O3 O4 O5 Og Oy 



Aq Al A2 

93S138 

Oq Oi O2 O3 O4 O5 Og O7 



Aq a., A2 

93S138 
Oq Ui O2 O3 O4 O5 Og O^; 



TTTTTTTr TTTTTTTT TTTTTTTT 

Oo — - ■ 

Fig. a. 



93S138 

Oq O, O2 O3 O4 O5 Og O7 



TTTTTTTT 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 



'^CC 



Pin Potential to Ground Pin 



* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 
* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 
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FAIRCHILD • 9LS138 (54LS/74LS138) 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (V^q) 


TEMPERATURE 


MiN 


TYP 


MAX 




9LS138XM/54LS138XM 


4.5 V 


5.0 V 


5.5 V 


-55°C to +125°C 


9LS138XC/74LS138XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless othe 


rwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed input HIGH Threshold 
Voltage for All Inputs 


v.. 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Threshold 


"IL 


XC 






0.8 


Voltage for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


V(>(; = MIN, liN = -18 mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


V(^c = MIN, loH = -400M 


XC 


2.7 


3.4 




V||^ = V||_| or VjL per Truth Table 


V/-.1 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


l0L"= 4.0 mA 


Vcc=MIN,V|N=V|Hor 


^OL 


XC 




0.35 


0.5 


V 


l0L= 8.0 mA 


V||_ per Truth Table 


L. ■ 


Input HIGH Current 




1.0 


20 


UA 


Vcc = MAX. V,N = 2.7 V 


'iH 






0.1 


mA 


Vcc=^MAX, V,|sj= 10 V 


'IL 


Input LOW Current 






-0.36 


mA 


Vqq = MAX, V|f^ = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc = MAX, Vqut == V 


'cc 


Power Supply Current 




6.3 


10 


mA 


Vcc = MAX 



NOTES; 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchiid Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can he achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqc =" 5.0 V, 25'' C, and maximum loading. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ 


= 25°C 












SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


¥lh 
¥hl 


Propagation Delay 
Address to Output 




11 
19 


18 
27 


ns 


Fig. 1 




^PLH 
^PHL 


Propagation Delay, 
"F-j or"E2 to Output 




9.0 
17 


15 
24 


ns 


Fig. 2 


Vcc = 5.0 V 
C|_= 15 pF 


^PLH 
^PHL 


Propagation Delay, 
E3 to Output 




11 
20 


18 
28 


ns 


Fig. 1 





AC WAVEFORMS 



d 



\-,.3V 

r— Vlh 



" \- / ^ 



\: 



\^ 



r^tpL 



1 



Fig. 1 



Fig. 2 
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9LS139 (54LS/74LS139) 

DUAL l-OF-4 DECODER 



DESCRIPTION - The LSTTL/MSI 9LS139 (54LS/74LS139) is a high speed Dual 1-of-4 
Decoder/Demultiplexer. The device has two independent decoders, each accepting two 
inputs and providing four mutually exclusive active LOW outputs. Each decoder has an 
active LOW Enable input which can be used as a data input for a 4-output demultiplexer. 
Each half of the 9 LSI 39 can be used as a function generator providing all four minterms 
of two variables. The 9 LSI 39 is fabricated with the Schottky barrier diode process for 
high speed and is completely compatible with all Fairchild TTL families. 



SCHOTTKY PROCESS FOR HIGH SPEED 

MULTIFUNCTION CAPABILITY 

TWO COMPLETELY INDEPENDENT l-OF-4 DECODERS 

ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 


Address Inputs 


LOADING (Note a) 




HIGH 


LOW 


Aq.At 


0.5 U.L 


0.25 U.L. 


E 


Enable (Active LOW) Input 


0.5 U.L. 


0.25 U.L. 


O0-O3 


Active LOW Outputs (Note b) 


10 U.L. 


5 (2.5) U.L 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 M HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 



LOGIC DIAGRAM 



% % I 



(3) @j^ 



i 






1 



Y 




Vcc = Pin 16 
GND = Pin 8 
O = Pin Numbers 



LOGIC SYMBOL 




1 2 3 





15 14 13 







E Aq At 




E Ao Ai 






DECODER a 




DECODER b 






Go O1 O2 O3 




Go O1 O2 O3 






4 5 6 7 




ntf 

12 11 10 9 




Vcc = Pin 16 
GND^Pin 8 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


^a 


h Vcc 


],a 


c 


Aoa Eb 


J,. 


3\Z 


^1a Aob 


D" 


c 


OOa ^^b 


3,3 


c 


Ola Oob 


J,2 


c 


02a Olb 


J" 


^L 


03a 02b 


3,0 


C 


GND 03b 


:i» 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS139 (54LS/74LS139) 



FUNCTIONAL DESCRIPTION - The 9 LSI 39 is a high speed dual 1-of-4 decoder/demultiplexer fabricated with the 
Schottky barrier diode process. The device has two independent decoders, each of which accept two binary weighted inputs 
(Aq, Aj) and provide four mutually exclusive active LOW outputs (O0-O3). Each decoder has an active LOW Enable (E). 
When E Is HIGH all outputs are forced HIGH. The enable can be used as the data input for a 4-output demultiplexer 
application. 

Each half of the 9LS139 generates all four minterms of two variables. These four minterms are useful in some applications, 
replacing multiple gate functions as shown in Fig. a, and thereby reducing the number of packages required in a logic 
network. 



TRUTH TABLE 



INPUTS 


OUTPUTS 


E 


Ao 


Ai 


oo 


Oi O2 


O3 


H 


X 


X 


H 


H H 


H 


L 


L 


L 


L 


H H 


H 


L 


H 


L 


H 


L H 


H 


L 


L 


H 


H 


H L 


H 


L 


H 


H 


H 


H H 


L 



H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 



— ^3-3°~~ °° ^° — ^ — °o 

1 ' Ai 1 



- O3 Ao 
Ai 

Fig. a 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 



^CC 



Pin Potential to Ground Pin 



* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 
* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NUMBFRS 


SUPPLY VOLTAGE (Vq^) 


TfTIV/ipiID A Jl IRp 




MIN 


TYP 


MAX 




9LS139XM/54LS139XM 


4.5 V 


5.0 V 


5.5 V 


-55°C to+125°C 


9LS139XC/74LS139XC 


4.75 V 


5.0 V 


5.25 V 


0°C to + 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD • 9LS139 (54LS/74LS139) 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Threshold 


XC 






0.8 


Voltage for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l|,^ =-18mA 




Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc^MIN, loH = -400//A 


Vqh 


XC 


2.7 


3.4 




^IN ^ '^IH °^ ^IL P®"" ^''L'th Table 


\/^, 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


l0L = 4.0 mA 


Vcc = MIN, V|N = V|H or 


^OL 


XC 




0.35 


0.5 


V 


Iql = 8.0 mA 


V||_ per Truth Table 


1.. . 


Input HIGH Current 




1.0 


20 


fjA 


Vcc - MAX V,N = 2.7 V 


'IH 






0.1 


mA 


Vcc = MAX, V|N-10V 


'IL 


Input LOW Current 






-0.36 


mA 


Vcc =" '^AX, V,p^ = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc = MAXVouT = OV 


'cc 


Power Supply Current 




6.8 


11 


mA 


Vcc = MAX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqq = 5.0 V, 25° C, and maximum loading. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: Ta = 25°C 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 






MIN 


TYP 


MAX 


TEST CUnui I luiNb 


^PLH 

¥hl 


Propagation Delay, 
Address to Output 




11 
19 


18 
27 


ns 


Fig. 1 


Vcc - 5.0 V 


^PLH 

¥hl 


Propagation Delay, 
Enable to Output 




9.0 
17 


15 
24 


ns 


Fig. 2 


CL=15pF 



\: 



\ 




'^^^ / 



\ 



I^^PLH 




Fig. 1 



Fig. 2 
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9LS151 (54LS/74LS151) 

8-INPUT MULTIPLEXER 



DESCRIPTIOW - The TTL/MSl 9LS151 {54LS151/74LS151) is a high speed 8-lnput 
Digital Multiplexer. It provides, in one package, the ability to select one bit of data from 
up to eight sources. The 9LS151 can be used as a universal function generator to generate 
any logic function of four variables. Both assertion and negation outputs are provided. 



SCHOTTKY PROCESS FOR HIGH SPEED 

MULTIFUNCTION CAPABILITY 

ON-CHIP SELECT LOGIC DECODING 

FULLY BUFFERED COMPLEMENTARY OUTPUTS 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 




S0-S2 


Select Inputs 


E 


Enable (Active LOW) Input 


«0-'7 


Multiplexer Inputs 


Z 


Multiplexer Output (Note b) 


z 


Complementary Multiplexer Output 




(Note b) 



LOADING (Note a) 



HIGH 


LOW 


0.5 U.L 


0.25 U.L. 


0.5 U.L. 


0.25 U.L 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5 (2.5) U.L 


10 U.L. 


5 (2.5) U.L 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 mA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Connmercial (XC) 
Temperature Ranges. 



LOGIC SYMBOL 

7 4 3 2 1 15 U 13 12 

ill II I I I I 



E '0 h I2 '3 U '5 '6 I7 



TT 



Vcc = Pin 16 
GND = Pin 8 



CONNECTION DIAGRAM 
DIP (TOP VIEW) 



'C 


V 

'3 




1^^ 


c 


'2 


U 


J.s 


sH 


h 


'5 


34 


C 


'0 


^6 


33 


= 1: 


z 


I7 


312 


eL 


z 


So 


J" 


'C 


_ 


Si 


310 


>L 


GND 


S2 J^ 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 



LOGIC DIAGRAM 



Vcc = Pin 16 
GND -Pin 8 
O = Pin Numbers 
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FAIRCHILD • 9LS151 (54LS/74LS151) 



FUNCTIONAL DESCRIPTION - The 9LS151 is a logical implementation of a single pole, 8-position switch with the switch 
position controlled by the state of three Select inputs, Sq, S-j, S2- Both assertion and r>egation outputs are provided. The 
Enable input (E) is active LOW. When it is not activated, the negation output is HIGH and the assertion output is LOW 
regardless of all other inputs. The logic function provided at the output is: 

Z = E* (Iq'Sq'S^ •S2 + 1 1 *Sq*S-| '52 + I2*Sq*Si '52 + I3'Sq*Si '52 + 
l4*So-Si-S2+ l5*So*SrS2 + l6'So*Si*S2 + '7*%*^r22^- 

The 9LS151 provides the ability, in one package, to select from eight sources of data or control information. By proper 
manipulation of the inputs, the 9LS151 can provide any logic function of four variables and its negation. 













TRUTH TABLE 














E 


S2 


Si 


So 


lO 


'1 l2 I3 


•4 


'5 


'6 


I7 


2 


Z 


H 


X 


X 


X 


X 


XXX 


X 


X 


X 


X 


H 


L 


L 


L 


L 


L 


L 


XXX 


X 


X 


X 


X 


H 


L 


L 


L 


L 


L 


H 


XXX 


X 


X 


X 


X 


L 


H 


L 


L 


L 


H 


X 


L X X 


X 


X 


X 


X 


H 


L 


L 


L 


L 


H 


X 


H X X 


X 


X 


X 


X 


L 


H 


L 


L 


H 


L 


X 


X L X 


X 


X 


X 


X 


H 


L 


L 


L 


H 


L 


X 


X H X 


X 


X 


X 


X 


L 


H 


L 


L 


H 


H 


X 


XXL 


X 


X 


X 


X 


H 


L 


L 


L 


H 


H 


X 


X X H 


X 


X 


X 


X 


L 


H 


L 


H 


L 


L 


X 


XXX 


L 


X 


X 


X 


H 


L 


L 


H 


L 


L 


X 


XXX 


H 


X 


X 


X 


L 


H 


L 


H 


L 


H 


X 


XXX 


X 


L 


X 


X 


H 


L 


L 


H 


L 


H 


X 


XXX 


X 


H 


X 


X 


L 


H 


L 


H 


H 


L 


X 


XXX 


X 


X 


L 


X 


H 


L 


L 


H 


H 


L 


X 


XXX 


X 


X 


H 


X 


L 


H 


L 


H 


H 


H 


X 


XXX 


X 


X 


X 


L 


H 


L 


L 


H 


H 


H 


X 


XXX 


X 


X 


X 


H 


L 


H 



H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

^CC ^''^ Potential to Ground Pin 

* Input Voltage (dc) 

*lnput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (dc) (Output LOW) 
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

~55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NUMBFR'^ 


SUPPLY VOLTAGE (Vcc) 


TCIUipCDATIIRp 




MIN 


TYP 


MAX 




9LS151XM/54LS151XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS151XC/74LS151XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD • 9LS151 (54LS/74LS151) 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


V|H 


input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Threshold 
Voltage for All inputs 


VlL 


input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Threshold 


XC 






0.8 


Voltage for Ail Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l|N = --18 mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqc = MIN, Iqh = -4-00 M 


XC 


2.7 


3.4 




V||yj = VjH or V|L per Truth Table 


Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql " '^0 "^A 


Vcc = MIN, V|N = V|H or 


XC 




0.35 


0.5 


V 


l0L = 80 mA 


Vjj_ per Truth Table 


1.. , 


Input HIGH Current 




1.0 


20 


M 


Vqq = MAX, V,,^ - 2.7 V 


'IH 






0.1 


mA 


VqC^ max, V,m- 10 V 


'IL 


Input LOW Current 






-0.4 


mA 


Vcc " "^AX, V 


IN = 0.4 V 
OUT = V 


'os 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vqq = MAX, V 


'cc 


Power Supply Current 




6.0 


10 


mA 


Vqc = MAX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at V^C = 5.0 V, T^ = 25° C. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: Ta 


= 25°C 












SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 
tpHL 


Propagation Delay, 
Select to Z Output 




11 
23 


20 
32 


ns 


Fig. 1 




^PLH 
tpHL 


Propagation Delay, 
Select to Z Output 




30 
18 


41 
30 


ns 


Fig. 2 




Vlh 
¥hl 


Propagation Delay, 
Enable to Z Output 




13 
17 


20 
26 


ns 


Fig. 2 


Vqc = 5.0 V 


¥lh 

tpHL 


Propagation Delay, 
Enable to Z Output 




22 
18 


33 
27 


ns 


Fig. 1 


Cl= 15pF 


^PLH 

¥hl 


Propagation Delay, 
Data to Z" Output 




7.0 
10 


12 

15 


ns 


Fig. 1 




^PLH 
^PHL 


Propagation Delay, 
Data to Z Output 




18 
15 


26 
23 


ns 


Fig. 2 





k-^PHL 



d 



lei 



I— tpi 



1 



AC WAVEFORMS 



■~ \- / 



J 1.3V ~JF— 1.3 V 



\ 



u 



"1 



Fig. 1 



Fig. 2 
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9LS152 (54LS/74LS152) 

8-INPUT MULTIPLEXER 



DESCRIPTION - The TTL/MSI 9LS152 (54 LSI 52/74 LSI 52) Is a high speed 8-lnput 
Digital Multiplexer. It provides, in one package, the ability to select one bit of data from 
up to eight sources. The 9 LSI 52 can be used as a universal function generator to generate 
any logic function of four variables. It is supplied in FLATPAK only; for Dual In-line 
Package application use the 9 LSI 51. 



SCHOTTKY PROCESS FOR HIGH SPEED 

MULTIFUNCTION CAPABILITY 

ON-CHIP SELECT LOGIC DECODING 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 



Sq -S2 



LOADING (Note a) 



HIGH 


LOW 


0.5 U.L 


0.25 U.L 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5 (2.5) U.L. 



Select Inputs 

Multiplexer Inputs 

Complementary Multiplexer Output 
{Note b) 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 juA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 



LOGIC SYMBOL 




5 4 3 2 1 13 12 11 

1 II 1 II li 






Iq 'i '2 '3 '4 '5 '6 h 




10 — 


So 




9™. 


Si 




8 


S2 

Z 






? 

6 




Vcc = Pin 14 


GND = Pin 7 


CONNECTION DIAGRAM 


FLATPAK (TOP VIEW) 


^L 


'4* Vcc 


J- 


= L 


'3 '5 


:i,3 


3L 


'2 l6 


3" 


C 


M h 


D" 


C 


'O Sq 


;3,o 


C 


2 Si 


:i^ 


^L 


GND $2 


3« 


Dot Indicates Pin 1 



LOGIC DIAGRAM 



© 



© 



->°-^ — °> 



® 




© 



© 



■® 



© 



© 



Vcc " Pin 14 
GND = Pin 7 
O = Pin Numbers 




© 



@ 







M 
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FAIRCHILD • 9LS152 (54LS/74LS152) 



FUNCTIONAL DESCRIPTION - The 9LS151 is a logical implementation of a single pole, 8-position switch with the switch 
position controlled by the state of three Select inputs, Sq, S-\, S2- The logic function provided at the output is: 

Z= (lo*So-S'j-S2 + !i-So*S^-S2 + I2"So*StS2 + Is-Sq-S-j -32 + 
U'Sq-S^ -52 + Ib'Sq-S-j -52 + 'e'^O'^l '^2 + •y'^O'^l '^l^^^ 

The 9LS1 52 provides the ability, in one package, to select from eight sources of data or control information. 











TRUTH TABLE 
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L 


L 


X 


XXX 


H 


X 


X 


X 


L 


H 
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L 


X 


XXX 


X 


X 


L 


X 


H 


H 


H 
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H 
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XXX 
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X 


X 


H 


L 



H = HIGH Voltage Level 
L - LOW Voltage Level 
X = Don't Care 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired} 
Storage Temperature 
Temperature (Ambient) Under Bias 
y^Q Pin Potential to Ground Pin 

* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 
*Either input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 Cto+150 C 

~55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NUMBFRS 


SUPPLY VOLTAGE {V^q) 


TpiuippRATURF 




MIN 


TYP 


MAX 




9LS152XM/54LS152XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS152XC/74LS152XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD • 9LS152 (54LS/74LS152) 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


v.. 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Threshold 


^IL 


XC 






0.8 


Voltage for Ail Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqq = MIN, l|N = -18 mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqc = MIN, Iqh = -400 fjA 


XC 


2.7 


3.4 




V|[yj = V|,_j or ViL per Truth Table 


v^. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


l0L= 4.0 mA 


Vcc = MIN, V|N - V,H or 


^OL 


XC 




0.35 


0.5 


V 


Iql= 8.0 mA 


V|L per Truth Table 


!•< . 


Input HIGH Current 






20 


M 


Vqq = MAX, Vjf^ = 2.7 V 


'IH 






0.1 


mA 


Vcc = MAX, V„y, = 1 V 


'IL 


Input LOW Current 






-0.4 


mA 


Vqq = MAX, V,f^ = 0.4 V 


'os 


Output Short Circuit 
Current (Note 5) 


"15 




-100 


mA 


Vcc = MAX, Vqut - V 


'cc 


Power Supply Current 




5.6 


9.0 


mA 


Vcc = MAX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at V^c = 5.0 V, T^ = 25" C. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ 


-25°C 












SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


tpLH 
^PHL 


Propagation Delay, 
Select to Z Output 




12 
23 


20 
32 


ns 


Fig. 1 


Vcc = 5.0 V 


tpLH 
^PHL 


Propagation Delay, 
Data to Z Output 




8.0 
10 


13 
15 


ns 


Fig 1 


Cl=15pF 



AC WAVEFORMS 






\,.3V 



\;_^;^ /-'■'' 



Fig. 1 
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9LS153 (54LS/74LS153) 

DUAL 4-1 N PUT MULTIPLEXER 



DESCRIPTION - The LSTTL/MSI 9LS153 (54LS/74LS153) is a very high speed Dual 
4-lnput iVlultiplexer with common select inputs and individual enable inputs for each 
section. It can select two bits of data from four sources. The two buffered outputs 
present data in the true (non-inverted) form. In addition to multiplexer operation, the 
9LS153 can generate any two functions of three variables. The 9LS153 is fabricated with 
the Schottky barrier diode process for high speed and is completely compatible with all 
Fairchild TTL families. 



MULTIFUNCTION CAPABILITY 

NON-INVERTING OUTPUTS 

SEPARATE ENABLE FOR EACH MULTIPLEXER 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 




So 


Common Select Input 


E 


Enable (Active LOW) Input 


«0'h 


Multiplexer Inputs 


z 


Multiplexer Output (Note b) 



LOADING (Note a) 



HIGH 


LOW 


0.5 U.L 


0.25 U.L 


0.5 U.L 


0.25 U.L 


0.5 U.L 


0.25 U.L 


10 U.L 


5 (2.5) U.L 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 mA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 



LOGIC DIAGRAM 



% 



(D ® 









® 



@ 



,. 



M m-m 



Vcc = Pin 16 
GND = Pin 8 
O = Pin Numbers 



LOGIC SYMBOL 



6 5 4 3 10 11 12 13 15 



'Oa ha '2a '3a 'Ob 'ita '?b '3b '=b 



^cc 



= Pjn 16 



GND = Pin 8 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 



c 


e. ^ 




],6 


c 


h 


s. 


3,B 


c 


'3a 


So 


],4 


^c 


l2a 


l3b 


3" 


c 


H. 


'2b 


J'' 


c 


'Oa 


hb 


D" 


c 


h 


'Ob 


3,0 


^L 


GND 


Zb 


b' 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Llne Package, 
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FAIRCHILD • 9LS153 (54LS/74LS153) 



FUIMCTIOIMAL DESCRIPTION - The 9LS153 is a Dual 4-lnput Multiplexer fabricated with Low Power, Schottky barrier 
diode process for high speed. It can select two bits of data from up to four sources under the^ontrol of the common Select 
Inputs (Sq, Si). The two 4-input multiplexer circuits have individual active LOW Enables (Eg, Ej^) which can be used to 
strobe the outputs independently. When the Enables (Eg, Ej^) are HIGH, the corresponding outputs {Zg, Z^) are forced LOW. 

The 9LS153 is the logic implementation of a 2-pole, 4-posltion switch, where the position of the switch is determined by the 
logic levels supplied to the two Select Inputs. The logic equations for the outputs are shown below. 



(I 



Oa 



Si • Sn + i 



la 



Si • Sn+ I 



2a 



Sn + I 



3a 



Sq) 



^b^ ^b * ('Ob ■ ^1 ' ^O + 'lb ■ Si • So + l2b * ^i * Sq + Is^ • S^ • Sq) 

The 9LS153 can be used to move data from a group of registers to a common output bus. The particular register from which 
the data came would be determined by the state of the Select Inputs. A less obvious application is a function generator. The 
9LS153 can generate two functions of three variables. This is useful for implementing highly Irregular random logic. 







TRUTH TABLE 








SELECT INPUTS 




INPUTS (a or 


b) 




OUTPUT 


So Si 


E 


«o h 


'2 


l3 


Z 


X X 


H 


X X 


X 


X 


L 


L L 


L 


L X 


X 


X 


L 


L L 


L 


H X 


X 


X 


H 


H L 


L 


X L 


X 


X 


L 


H L 


L 


X H 


X 


X 


H 


L H 


L 


X X 


L 


X 


L 


L H 


L 


X X 


H 


X 


H 


H H 


L 


X X 


X 


L 


L 


H H 


L 


X X 


X 


H 


H 



H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
^CC '^"^ Potential to Ground Pin 

* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (V^c) 


TEMPERATURE 




MIN 


TYP 


MAX 




9LS153XM/54LS153XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS153XC/74LS153XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD • 9LS153 (54LS/74LS153) 



DC CHARACTERSSTJCS OVER OPERATING TEMPERATURE RANGE (unless othe 


rwise specified) 




PARAMETER 


LIMITS 


UNITS 






MIN 


TYP 


MAX 




V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


V|L 


input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Threshold 


r-xc 






0.8 


Voltage for All Inputs 


VcD 


input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqq = MIN, l|(^ = --18 mA 




Output HIGH Voltage 


XM 


2.5 


3.4 




V 


V(^C = f^'N' 'oH "" ~4Q0 -"A 


^OH 


XC 


2.7 


3.4 




^IN "^ ^IH °'' ^IL P^"" Truth Table 


Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql ^ 4.0 mA 


Vcc = MIN, V|N = V|H or 


XC 




0.35 


0.5 


V 


Iql"" 80 mA 


V|[_ per Truth Table 


li. . 


input HIGH Current 




1.0 


20 


M 


Vqq - MAX, V|,vj = 2.7 V 


'IH 






0.1 


mA 


Vcc = MAX, V|N=10V 


l!L 


Input LOW Current 






-0.36 


mA 


V(^Q - MAX, Vjf^ = 0.4 V 


'OS 


Output Short Circuit 
Current (fVote 5) 


-15 




-100 


mA 


Vc(3 - MAX, Vqut = V 


!cc 


Power Supply Current 




6.2 


10 


mA 


Vcc = MAX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqq = 5.0 V, 25" C, and maximum loading. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ 


= 25X 












SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


M!N 


TYP 


MAX 


tpi_|_j 
'PHL 


Propagation Delay 
Select to Output 


20 

16 


29 

24 


ns 


Fig. 2 




'-PLH 
^PHL 


Propagation Delay, 
Enable to Output 




17 
14 


24 
20 


ns 


Fig. 1 


Vqq = 5.0 V 
Cl= 15pF 


"^PLH 
tpHL 


Propagation Delay, 
Data to Output 




10 
10 


15 
15 


ns 


Fig. 2 





AC WAVEFORMS 




U^-^i -ipi 



/■' 



Fig. 1 



Fig. 2 
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9LS155 (54LS/74LS155) 
9LS156 (54LS/74LS156) 

DUAL l-OF-4 DECODER/DEMULTIPLEXER 
(9L5156 HAS OPEN COLLECTOR OUTPUTS) 



DESCRIPTION - The LSTTL/MSI 9LS155 (54LS/74LS155) and 9LS156 (54LS/ 
74LS156) are high speed Dual 1-of-4 Decoder/Demultiplexers, These devices have two 
decoders with common 2-bit Address inputs and separate gated Enable inputs. Decoder 
"a" has an Enable gate with one active HIGH and one active LOW input. Decoder "b" has 
two active LOW Enable inputs, if the Enable functions are satisfied, one output of each 
decoder will be LOW as selected by the address inputs. The 9LS156 has open collector 
outputs for wired-OR (DOT-AND) decoding and function generator applications. 

The 9 LSI 55 and 9 LSI 56 are fabricated with the Schottky barrier diode process for high 
speed and are completely compatible with all Fairchild TTL families. 

• SCHOTTKY PROCESS FOR HIGH SPEED 

• MULTIFUNCTION CAPABILITY 

• COIVIIVION ADDRESS INPUTS 

• TRUE OR COMPLEMENT DATA DEMULTIPLEXING 

• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

• FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 




Ao,Ai 


Address Inputs 


E3,Eb 


Enable (Active LOW) Inputs 


Ea 


Enable (Active HIGH) Input 


O0-O3 


Active LOW Outputs (Note b) 



LOADING (Note a) 


HIGH 


LOW 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5(2.5) U.L 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 juA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2,5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. The HIGH level drive for the 9LS156 must be established by an external 
resistor. 



LOGIC DIAGRAM 



®li© 



) M ® @| p ®M (5 

— • — •-•- 



1^ 



J 



btMMM 

:^:z'i ©I ©? ©T ©J ®T @j ©I ®T 

O = Pin Numbers °0a °^a 02a 03^ "ob °Vd ^2^ O35 



LOGIC SYMBOL 



1 2 13 

6 


3 14 15 

6 


E 

Ao -i- 

DECODER a 

A^ 

12 3 


E 
DECODER b 

12 3 



nn uu 



7 6 5 4 



9 10 11 12 



Vcc = Pin 16 
GND = Pin 8 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 




NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS155 (54LS/74LS155) • 9LS156 (54LS/74LS156) 

FUNCTIONAL DESCRIPTION - The 9LS155 and 9LS156 are Dual 1-of-4 Decoder/Demultiplexers with common Address 
inputs and separate gated Enable inputs. When enabled, each dec£der^ection accepts the binary weighted Address inputs (Aq, 
A-|) and provides four mutually exclusive active LOW outputs (Oq— O3). If the Enable requirements of each decoder are not 
met, all outputs of that decoder are HIGH. 

Each decoder section has^ a 2-input enable gate. The enable gate for Decoder "a" requires one active HIGH input and one 
active LOW input (Eg • Eg). In demultiplexing applications, Decoder "a" can accept either true or complemented_data by 
using the Eg or Eg inputs respectively. The enable gate for Decoder "b" requires two active LOW inputs (Ej-, • E^). The 
9LS155 or 9LS156_can be_used as a 1-of-8 Decoder/Demultiplexer by tying Eg to Ej^ and relabeling the common connection 
as (A2). The other E^ and Eg are connected together to form the common enable. 

The 9LS155 and 9 LSI 56 can be used to generate all four minterms of two variables. These four minterms are useful in some 
applications replacing multiple gate functions as shown in Fig. a. The 9LS156 has the further advantage of being able to AND 
the minterm functions by tying outputs together. Any number of terms can be wired-AND as shown below. 

f- (E + Aq + A^) • (E + Aq + A^) • (E + Aq + A-j) " (E + Aq + A-,) 
=b- 



Oo Ao - 
Ai ■ 



At — I Ai — ' 

Ao-^2)^°2 Ao-t^Q>-02 

At — ' At — I 

Ai — I At — ' 



Fig. a 



TRUTH TABLE 



ADDRESS 


ENABLE "a" 


OUTPUT "a" 


ENABLE ''b" 


OUTPUT "b" 


Aq At 


Ea Eg 


Oo 


Ol 02 


O3 


Eb Eb 


Oo 


Ol 02 


O3 


X X 


L X 


H 


H H 


H 


H X 


H 


H H 


H 


X X 


X H 


H 


H H 


H 


X H 


H 


H H 


H 


L L 


H L 


L 


H H 


H 


L L 


L 


H H 


H 


H L 


H L 


H 


L H 


H 


L L 


H 


L H 


H 


L H 


H L 


H 


H L 


H 


L L 


H 


H L 


H 


H H 


H L 


H 


H H 


L 


L L 


H 


H H 


L 



H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
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FAIRCHILD • 9LS155 (54LS/74LS155) • 9LS156 (54LS/74LS156) 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vqq Pin Potential to Ground Pin 

* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 
* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 Cto +150 C 

-55°Cto +125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NUMRFR*^ 


SUPPLY VOLTAGE (V^;^^) 


TCJUipppATI IRF 




MIN 


TYP 


MAX 




9LS155XM/54LS155XM 
9LS156XM/54LS156XM 


4.5 V 


5.0 V 


5.5 V 


-55"Cto+125°C 


9LS155XC/74LS155XC 
9LS156XC/74LS156XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging information Section for packages available on this product. 



DC CHAR ACTE RISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified ) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 




MIN 


TYP 


MAX 




V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 




XC 






0.8 




VcD 


Input Ciamp Diode Voltage 




-0.65 


-1.5 


V 


Vqc^ MIN, iifv^-IS mA 


VOH 


Output HIGH Voltage 
9LS155 Only 


XM 


2.5 


3.4 




V 


Vqq = MIN, Iqh = -^00 M 
Vjf^ = Vjj^ or VjL per Truth Table 




XC 


2.7 


3.4 






'oh 


Output HIGH Current 
9LS156 Only 






100 


M 


Vcc ^ MIN, Vqh = 5.5 V 

^IN ^ ^iH ^^ ^IL P®*^ Truth Table 


Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql = 4.0 mA 


Vcc-MIN,V|N = VsH 
Vij_ per Truth Table 


or 


XC 




0.35 


0.5 


V 


IqL = 8.0 mA 




!.. 


Input HIGH Current 






20 


M 


Vcc = ^^^' V|N = 2-^ V 


'IH 






0.1 


mA 


Vcc = MAX, Vjp^= 10 V 


'IL 


input LOW Current 






-0.36 


mA 


Vqc = MAX, Vji^ = 0.4 V 


'os 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


VqC ^ ^^^' "^OUT " ^ V 


'cc __„„_ J 


Power Supply Current 




6.1 


10 


mA 


y^Q = MAX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqq = 5.0 V, T;\ == 25° C. 

5. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS155 (54LS/74LS155) • 9LS156 (54LS/74LS156) 



AC CHARACTERISTICS: Ta = 25°C 





PARAMETER 


LIMITS 


UNITS 






SYMBOL 


9LS155 


9LS156 


TEST CONDITIONS 




TYP 


MAX 


TYP 


MAX 




*PLH 
^PHL 


Propagation Delay, 
Address to Output 


11 
19 


18 
27 


18 
23 


28 
33 


ns 


Fig. 1 


Vqc = 5.0 V 


^PLH 
^PHL 


Propagation Delay, 
Eg or E[3 to Output 


9.0 
17 


15 
24 


16 
21 


25 
30 


ns 


Fig. 2 


Cl-15pF 
Rl = 2 kQ 


*PLH 
tpHL 


Propagation Delay 
Eg to Output 


11 
20 


18 
28 


18 
24 


28 

34 


ns 


Fig. 1 





AC WAVEFORMS 






^^ 



\ 



jf^ 



Fig. 1 



Fig. 2 
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9LS157 (54LS/74LS157) 

QUAD 2-INPUT MULTIPLEXER 



DESCRIPTION - The LSTTL/MSI 9LS157 (54LS/74LS157) is a high speed Quad 
2-lnput iVIultiplexer. Four bits of data from two sources can be selected using the 
common Select and Enable inputs. The four buffered outputs present the selected data in 
the true (non-inverted) form. The 9LS157 can also be used to generate any four of the 16 
different functions of two variables. The 9LS157 is fabricated with the Schottky barrier 
diode process for high speed and is completely compatible with all Fairchild TTL 
families. 



SCHOTTKY PROCESS FOR HIGH SPEED 

MULTIFUIMCTION CAPABILITY 

NON-INVERTING OUTPUTS 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 




S 


Common Select Input 


E 


Enable (Active LOW) Input 


'Oa ~ 'Od 


Data Inputs from Source 


ha-hd 


Data Inputs from Source 1 


Za-^d 


Multiplexer Outputs (Note b) 



LOADING (Note a) 


HIGH 


LOW 


1.0 U.L. 


0.5 U.L. 


1.0 U.L. 


0.5 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5 (2.5) U.L. 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 mA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 



LOGIC DIAGRAM 

'Oa ha 'Ob hb 'Oc he 'Od hd ^ 



® 



(D 



® 



® 



@ 



(§) 



(S) 



® 



© 



© 



i 




Vcc = Pin 16 
GND = Pin 8 
O = Pin Numbers 



LOGIC SYMBOL 



15 2 3 5 6 14 13 n 10 



ILL 



E lOa ha lOb hb 'Oc he 'Od h( 



Za Zh Zc Z, 



b Zc Zd 



Vcc = Pin 16 
GND-Pin 8 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 






J 16 

J 14 
J 13 
ll2 

J 10 
1^ 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS157(54LS/74LS157) 



FUNCTIONAL DESCRIPTION - The 9LS157 Is a Quad 2-lnput Multiplexer fabricated with the Schottky barrier diode 
process for high speed. It selects four_bits of data from two sources under the control of a common Select Input (S). The 
Enable Input (E) is active LOW. When E is HIGH, all of the outputs (Z) are forced LOW regardless of all other inputs. 

The 9LS157 is the logic implementation of a 4-pole, 2-position switch where the position of the switch is determined by the 
logic levels supplied to the Select Input. The logic equations for the outputs are shown below: 



■ S+ I 



Oa 



■S) 



E- (I 



lb 



S+ I 



Ob 



S) 



Z, =^ E . di^ • S + Iqc • S) Zd = E • did • S + lod * S) 

A common use of the 9LS157 is the moving of data from two groups of registers to four common output busses. The 
particular register from which the data comes is determined by the state of the Select Input. A less obvious use is as a 
function generator. The 9LS157 can generate any four of the 16 different functions of two variables with one variable 
common. This is useful for implementing highly irregular logic. 



TRUTH TABLE 



ENABLE 


SELECT 
INPUT 


INPUTS 


OUTPUT 


"e 


s 


'0 h 


Z 


H 
L 
L 
L 

L 


X 

H 
H 
L 

L 


X X 
X L 
X H 
L X 
H X 


L 

L 
H 

L 
H 



H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Vqq Pin Potential to Ground Pin 

*lnput Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (dc) (Output LOW) 
*Either Input Voltage linnit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 








PART NUMBFRS 


SUPPLY VOLTAGE (Vq^) 


TEMPERATURE 




MIN 


TYP 


MAX 




9LS 1 57XM / 54LS 1 57XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto 125°C 


9LS157XC/74LS157XC 


4.75 V 


5.0 V 


5.25 V 


0°Cto+75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD • 9LS157 (54LS/74LS157) 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for Ail Inputs 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


V{^C = MIN, l,jvj = -18mA 




Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN, Iqh = -400 M 


Vqh 


XC 


2.7 


3.4 




V|[yj = V]|_| or V|L per Truth Table 


Vol 


Output LOW Voltage 


XM.XC 




0.25 


0.4 


V 


l0L== 4.0 mA 


Vcc = MIN, V||M = V|H or 


XC 




0.35 


0.5 


V 


l0L= 8.0 mA 


V]|_ per Truth Table 


liu 


Input HIGH Current 






20 
40 


/uA 


Vqq = MAX, V\^ = 2.7 V 


'IH 


Input HIGH Current at MAX 
Input Voltage 

!d''i 

E, S 






0.1 
0.2 


mA 


Vqq = MAX, V|i^ = 10 V 


'IL 


Input LOW Current 






-0.4 
-0.8 


mA 


VcC ^ ^^^' V|N " ^-4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


VcC - MAX, Vqut - V 


'cc 


Power Supply Current 




9.7 


16 


mA 


Vqq - MAX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchiid Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqq = 5.0 V, 25° C, and maximum loading. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ 


= 25°C 












SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 
^PHL 


Propagation Delay 
Select to Output 






26 
24 


ns 


Fig. 2 




^PLH 

Vhl 


Propagation Delay, 
Enable to Output 






25 
18 


ns 


Fig. 1 


Vqc = 5.0 V 
Cj_= 15pF 


^PLH 

^phl 


Propagation Delay, 
Data to Output 






14 
14 


ns 


Fig. 2 





AC WAVEFORMS 



h-*PHL 



% 






"V / 



p:. 



\ 



r^^LH-^l 



Fig. 1 



Fig. 2 
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9LS158 (54LS/74LS158) 

QUAD 2-INPUT MULTIPLEXER 



DESCRIPTION - The LSTTL/MSI 9LS158 {54LS/74LS158) is a high speed Quad 
2-lnput MuJtipfexer. It selects four bits of data from two sources using the common 
Select and Enable inputs. The four buffered outputs present the selected data in the 
inverted form. The 9 LSI 58 can also generate any four of the 16 different functions of 
two variables. The 9LS158 is fabricated with the Schottky barrier diode process for high 
speed and is completely compatible with all Fairchild TTL families. 



SCHOTTKY PROCESS FOR HIGH SPEED 

MULTIFUNCTION CAPABILITY 

INVERTED OUTPUTS 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 




S 


Common Select Input 


E 


Enable (Active LOW) Input 


'Oa - "Od 


Data Inputs from Source 


«1a-'ld 


Data Inputs from Source 1 


Za-^d 


Inverted Outputs (Note b) 



LOADING (Note a) 


HIGH 


LOW 


1.0 U.L. 


0.5 U.L. 


1.0 U.L 


0.5 U.L. 


0.5 U.L 


0.25 U.L. 


0.5 U.L. 


0.25 U.L 


10 U.L. 


5(2.5) U.L 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 juA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 



LOGIC DIAGRAM 




VcC " Pi" ''6 
GND = Pin 8 
O = Pin Numbers 



LOGIC SYMBOL 



15 2 3 5 6 14 13 11 10 



iQb 'lb 'Oc he 'Od hd 



Za Zb Zc Zd 



MM 



7 12 9 



Vcc = Pin 16 
GND = Pin 8 



CONNECTION DIAGRAM 
DIP (TOP VIEW) 



:]i6 
:ii5 

J14 
J13 

J 12 

J10 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS158 (54LS/74LS158) 



FUNCTIONAL DESCRIPTION - The 9LS158 is a Quad 2-lnput Multiplexer fabricated with the Schottky barrier diode 
process for high speed. It selects four bits of data from two sources under tjie control of a common^elect Input (S) and 
presents the data in inverted form at the four outputs. The Enable Input (E) is active LOW. When E is HIGH, all of the 
outputs (Z) are forced HIGH regardless of all other inputs. 

The 9LS158 is the logic implementation of a 4-pole, 2-po$ition switch where the position of the switch is determined by the 
logic levels supplied to the Select Input. 

A common use of the 9LS158 is the moving of data from two groups of registers to four common output busses. The 
particular register from which the data comes is determined by the state of the Select Input. A less obvious use is as a 
function generator. The 9LS158 can generate four functions of two variables with one variable common. This is useful for 
implementing gating functions. 





TRUTH TABLE 






SELECT 






ENABLE 


INPUT 


INPUTS 


OUTPUT 


E 


S 


'o h 


Z 


H 


X 


X X 


H 


L 


L 


L X 


H 


L 


L 


H X 


L 


L 


H 


X L 


H 


L 


H 


X H 


L 



H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vqq Pin Potential to Ground Pin 

* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 
*Either Input Voltage limit or input Current linnit is sufficient to protect the inputs. 



-65°Cto +150°C 

-55°Cto +125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NIJMRFRS 


SUPPLY VOLTAGE (V^q) 


TEMPERATURE 




MIN 


TYP 


MAX 




9LS158XM/54LS158XM 


4.5 V 


5.0 V 


5.5 V 


-55°C to + 125°C 


9LS158XC/74LS158XC 


4.75 V 


5.0 V 


5.25 V 


0°C to + 75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD • 9LS158 (54LS/74LS158) 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE {unless othe 


jrwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


VlH 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


for Ail Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, liN = "18 mA 


Vrx. 1 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc^MIN, loH^~400M 


^OH 


XC 


2.7 


3.4 




V||vj ^ V|f^ or V||_ per Truth Table 


Vr^, 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


JQL ^ 4.0 mA 


Vcc = MIN, V|M = V|H or 


^OL 


XC 




0.35 


0.5 


V 


IqL = 8.0 mA 


V|L per Truth Table 


'IH 


Input HIGH Current 
E, S 






20 
40 


M 


Vqq - MAX, V|,vj = 2.7 V 


Input HIGH Current at MAX 
Input Voltage 

'O'h 

E, S 






0.1 
0.2 


mA 


VcQ = MAX, V|N = 10 V 


!|L 


Input LOW Current 

'O'h 

E, S 






-0.4 
-0.8 


mA 


Vqq = MAX, Vji^ = 0.4 V 


'os 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc = MAX, Vqut = V 


'cc 


Power Supply Current 




4.8 


8.0 


mA 


Vcc = MAX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchtid Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqq = 5.0 V, 25° C, and maximum loading. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ 


= 25X 












SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP ' 


MAX 


Vlh 

^PHL 


Propagation Delay 
Select to Output 






20 
24 


ns 


Fig. 1 




tpLH 
tpHL 


Propagation Delay, 
Enable to Output 






16 
16 


ns 


Fig. 2 


Vcc = 5.0 V 
Cl= 15pF 


^PLH 
^PHL 


Propagation Delay, 
Data to Output 






13 

11 


ns 


Fig. 1 





""_/ 



r*-^PHL 



,1 



l^tpLH-H 



AC WAVEFORMS 



-^ 



— ^r- 1.3V -J^ 1.3 V 



\^" 



/ 



U, 



"1 



Fig. 1 



Fig. 2 
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9LS160(54LS/74LS160) • 9LS161(54LS/74LS161) 
9LS162(54LS/74L5162) • 9LS163(54LS/74L5163) 

BCD DECADE COUNTERS 4-BIT BINARY COUNTERS 



DESCRIPTION -The 9LS1 60/1 61/1 62/1 63 are high-speed 4-bit synchronous counters. 
They are edge-triggered, synchronously presettable, and cascadable IViSI building blocks 
for counting, memory addressing, frequency division and other applications. The 9LS160 
and 9LS162 count modulo 10 (BCD). The 9LS161 and 9LS163 count modulo 16 
(binary.) 

The 9LS160 and 9LS161 have an asynchronous Master Reset (Clear) input that overrides, 
and is independent of, the clock and all other control inputs. The 9LS162 and 9LS163 
have a Synchronous Reset (Clear) input that overrides all other control inputs, but is 
active only during the rising clock edge. 





BCD (Modulo 10) 


Binary (Modulo 16) 


Asynchronous Reset 


9LS160 


9LS161 


Synchronous Reset 


9LS162 


9LS163 



SYNCHRONOUS COUNTING AND LOADING 

TWO COUNT ENABLE INPUTS FOR HIGH SPEED SYNCHRONOUS EXPANSION 

TERMINAL COUNT FULLY DECODED 

EDGE-TRIGGERED OPERATION 

TYPICAL COUNT RATE OF 35 MHz 

FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 



RE 

P0-P3 

CEP 

GET 

OR 

MR 

SR 

Q0-Q3 
TC 



LOADING (Note a) 



Parallel Enable (Active LOW) Input 

Parallel inputs 

Count Enable Parallel Input 

Count Enable Trickle Input 

Clock (Active HIGH Going Edge) Input 

Master Reset (Active LOW) Input 

Synchronous Reset (Active LOW) Input 

Parallel Outputs (Note b) 

Terminal Count Output (Note b) 



HIGH 


LOW 


0.6 U.L. 


0.3 U.L. 


0.5 U.L. 


0.25 U.L. 


0.6 U.L. 


0.3 U.L. 


1.0 U.L. 


0.5 U.L. 


0.6 U.L. 


0.3 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5(2.5) U.L. 


10 U.L. 


5(2.5) U.L. 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 juA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commerical (XC) 
Temperature Ranges. 



STATE DIAGRAM 



9LS160 • 9LS162 9LS161 • 9LS163 




LOGIC EQUATIONS 

Count Enable = CEP ^CET • PE 

TC for9LS160&9LS162 = CET • Qn 



» Q2 * 



TC for9LS161 & 9LS163 = CET^Qq^Q-j • Q2 • Q3 
Preset = PE • CP+ (rising clock edge) 
Reset = MR (9 LSI 60 & 9 LSI 61) 
Reset = SR • CP+ (rising clocl< edge) 
(9LS162 & 9LS163) 



NOTE: 

The 9LS160 and 9LS162 can be preset to any state, but will not count beyond 9. If preset 

to state 10, 11, 12, 13, 14, or 15, it will return to its normal sequence within two clock pulses. 



LOGIC SYMBOL 



PE Pn P, P, p. 



CEP 
CET 



n ^2 t^S 



*R 0-0 Qi Q2 Q3 



1 14 13 12 



Vcc = Pin 16 
GND = Pin 8 



*MR for 9LS160 and 9LS161 
*SR for 9LS1 62 and 9LS1 63 



CONNECTION DIAGRAMS 

DIP (TOP VIEW) 




*MRfor9LS160and9LS161 
*SR for 9LS1 62 and 9LS1 63 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS160 • 9LS161 • 9LS162 • 9LS163 



FUNCTIOfMAL DESCRIPTION - The 9LS160/161/162/163 are 4-bit synchronous counters with a synchronous Parallel 
Enable (Load) feature. These counters consist of four edge-triggerd D flip-flops with the appropriate data routing networks 
feeding the D inputs. All changes of the Q outputs (except due to the asynchronous Master Reset in the 9LS160 and 9LS161 ) 
occur as a result of, and synchronous with, the LOW to HIGH transition of the Clock input (CP). As long as the set-up time 
requirements are met, there are no special timing or activity constraints on any of the mode control or data inputs. 

Three control inputs — Parallel Enable (PE), Count Enable Parallel (CEP) and Count Enable Trickle (CET) — select the mode 
of operation as shown in the tables below. The Count Mode is enabled when the CEP, CET, and PE inputs are HIGH. When 
the PE is LOW, the counters will synchronously load the data from the parallel inputs into the flip-flops on the LOW to 
HIGH transition of the clock. Either the CEP or CET can be used to inhibit the count sequence. With the PE held HIGH, a 
LOW on either the CEP or CET inputs at least one set-up time prior to the LOW to HIGH clock transition will cause the 
existing output states to be retained. The AND feature of the two Count Enable inputs (CET»CEP) allows synchronous 
cascading without external gating and without delay accumulation over any practical number of bits or digits. 

The Terminal Count (TC) output is HIGH when the Count Enable Trickle (CET) input is HIGH while the counter is in its 
maximum count state (HLLH for the BCD counters, HHHH for the Binary counters). Note that TC is fully decoded and will, 
therefore, be HIGH only for one count state. 

The 9LS160 and 9LS162 count modulo 10 following a binary coded decimal (BCD) sequence. They generate a TC output 
when the CET input is HIGH while the counter is in state 9 (HLLH). From this state they increment to state (LLLL). If 
loaded with a code in excess of 9 they return to their legitimate sequence within two counts, as explained in the state 
diagram. States 1 through 1 5 do not generate a TC output. 

The 9LS161 and 9LS163 count modulo 16 following a binary sequence. They generate a TC when the CET input is HIGH 
while the counter is in state 15 (HHHH). From this state they increment to state (LLLL). 

The Master Reset (MR) of the 9LS160 and 9LS161 is asynchronous. When the MR is LOW, it overrides all other input 
conditions and sets the outputs LOW. The MR pin should never be left open. If not used, the MR pin should be tied through 
a resistor to Vcc» o*" to a gate output which is permanently set to a HIGH logic level. 

The active LOW Synchronous Reset (SR) input of the 9LS162 and 9LS163 acts as an edge-triggered control input, overriding 
CET, CEP, and PE, and resetting the four counter flip-flops on the LOW to HIGH transition of the clock. This simplifies the 
design from race-free logic controlled reset circuits, e.g., to reset the counter synchronously after reaching a predetermined 
value. 



MODE SELECT TABLE 



*SR 


PE 


CET 


CEP 


Action on the Rising Clock Edge (J~) 


L 


X 


X 


X 


RESET (Clear) 


H 


L 


X 


X 


LOAD (Pn-Qn) 


H 


H 


H 


H 


COUNT (Increment) 


H 


H 


L 


X 


NO CHANGE (Hold) 


H 


H 


X 


L 


NO CHANGE (Hold) 



*For the 9LS162 and 9LS163 only. 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X - Don't Care 



ABSOLUTE MAXIIVIUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vqc Pin Potential to Ground Pin 

* Input Voltage (dc) 

* input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Enter Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55°Cto+125°C 

-^0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 
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FAIRCHILD • 9LS160 • 9LS161 • 9LS162 • 9LS163 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (Vcc) 


TEMPERATIJRF 




MIN 


TYP 


MAX 




9LS 1 60XM /54LS 1 60XM 9LS 1 6 1 XM /54LS 1 6 1 XM 
9LS 1 62XM /54LS 1 62XM 9LS 1 63XM /54LS 1 63XM 


4.5 V 


5.0 V 


5.5 V 


-55°C to +125^0 


9LS160XC/74LS160XC 9LS161XC/74LS161XC 
9LS1 62XC/74LS1 62XC 9LS1 63XC/74LS1 63XC 


4.75 V 


5.0 V 


5.25 V 


0°C to 75°C 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


Vii 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


^IL 


XC 






0.8 


for All Inputs 


VcD 


Input Clannp Diode Voltage 




-0.65 


-1.5 


V 


Vcc= MIN, l||y, = -18mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc=MiN, loH=-400M 


XC 


2.7 


3.4 




V|N "^ V|H or V|i_ per Truth Table 


Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql = 4.0 mA 


Vcc = MIN, V|N - V|H or 


XC 




0.35 


0.5 


V 


l0L = 8.0 mA 


V|L per Truth Table 


'IH 


Input HIGH Current 
pQ - P3, MR, SR 
PE, CEP, CP 

GET 






20 
24 
40 


M 


Vqc = MAX, Vjjyj = 2.7 V 


Pq - P3. MR, SR, PE, CEP CP 
GET 






0.1 
0.2 


mA 


Vcc= MAX, V,r^= 10 V 


'IL 


Input LOW Current 
Pq - P3, MR, SR 
PE, CEP, CP 
GET 






-0.40 
-0.48 
-0.80 


mA 


Vqq = MAX, Vj^j = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc = MAX,VouT = OV 


'CCH 
'CCL 


Power Supply Current 




18 
19 


31 
32 


mA 


Vqq '-= MAX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchiid Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 
and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating 
ranges. 

4. Typical limits are at Vqq = 5.0 V, 25" C, and maximum loading. 

5. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS160 • 9LS161 • 9LS162 • 9LS163 



AC CHARACTERISTICS: T^ = 25°C (These parameters apply to all four devices unless otherwise noted) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 






MiN 


TYP 


MAX 


TEST COiNui 1 \u\\z> 


Vlh 

tpHL 


Turn Off Delay CP to Q 
Turn On Delay CP to Q 




13 
18 


20 
27 


ns 


Fig. 1 




^PLH 

¥hl 


Turn Off Delay CP to TC 
Turn On Delay CP to TC 




15 

14 


22 
21 


ns 


Fig. 4 


Vcc = 5.0V 


¥lh 

^PHL 


Turn Off Delay CET to TC 
Turn On Delay CET to TC 




9.0 

16 


14 
23 


ns 


Fig. 3 


Cl= 15 pF 


tpHL 


Turn On Delay MR to Q 
(9LS160and9LS161 Only) 




18 


28 


ns 


Fig. 2 




^count 


Input Count Frequency 


25 


35 




MHz 


Fig. 1 





AC SET-UP REQUIREMENTS: T^ = 25°C 












SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Vec 


Recovery Time for MR 
{9LS160and9LS161 Only) 


20 






ns 


Fig. 2 




tvvMR(L) 


Master Reset Puise Width 
(9LS160 and 9LS161 Only) 


15 


8.0 




ns 


Fig. 2 




tvyCPfU 


Clock Pulse Width (HIGH) 
Clock Pulse Width (LOW) 


15 
25 


10 

18 




ns 


Fig. 1 




ts(H) 
tgiU 


Set-Up Time (HIGH), Data to Clock 
Set-Up Time (LOW), Data to Clock 


20 
20 






ns 


Fig. 5 


Vcc = 50 V 


th(H} 


Hold Time (HIGH), Data to Clock 
Hold Time (LOW), Data to Clock 


3.0 
3.0 






tgiH) 
ts{L) 


Set-Up Time (HIGH), PE or SR to Clock 
Set-Up Time (LOW), PE or SR to Clock 


20 
20 






ns 


Fig. 6 




th(H) 


Hold Time (HIGH), PE or SR to Clock 
Hold Time (LOW), PE OR SR to Clock 












ts(H) 
ts(L) 


Set-Up Time (HIGH), CE to Clock 
Set-Up Time (LOW), CE to Clock 


20 
20 






ns 


Fig. 7 




th{H) 
th{L) 


Hold Time (HIGH), CE to Clock 
Hold Time (LOW), CE to Clock 













DEFINITION OF TERMS: 

SET-UP TIME (tg) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (th) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 

RECOVERY TIME (tree) ~' 's defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the Q outputs. 



CLOCK TO OUTPUT DELAYS, 
COUNT FREQUENCY, AND CLOCK PULSE WIDTH 



AC WAVEFORMS 

MASTER RESET TO OUTPUT DELAY, MASTER RESET 
PULSE WIDTH, AND MASTER RESET RECOVERY TIME. 



- tw(H) ^^j-. t^v(L) 



I—— ^PHL 




Other C ondi ti ons : 
PE = MR (SR) = H 
tpLH CEP = CET - H 



Fig. 1 




ao,Q,.Q2, Q3 



^ ^ 



Fig. 2 



Other Conditions: 
PE = L 
PO = Pi = P2 = P3 = H 
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FAIRCHILD 9LS160 • 9LS161 • 9LS162 • 9LS163 



AC WAVEFORMS (Cont'd) 



COUNT ENABLE TRICKLE INPUT 
TO TERMINAL COUNT OUTPUT DELAYS 



The positive TO pulse occurs when the outputs are in the (Qq • Qi • 
Q2»Q3) state for the 9LS160 ancl9LS162 and the (Qq'Qi •02*03) 
state for the 9LS161 and 9LS163. 



J 



\ 



Fig. 3 



Other Conditions: CP = PE = CEP = MR = H 



CLOCK TO TERMINAL COUNT DELAYS. 



The positive TC puise is coincident with the output state (Qq • Qi • 
Q2 • Q3) for the 9LS161 and 9LS163 and (Qq • Qi • Q2 • Q3) for the 
9LS161 and9LS163. 



Fig. 4 






Other Conditions: PE = CEP = CET = MR = H 



SET-UP TIME (ts) AND HOLD TIME (th) 
FOR PARALLEL DATA INPUTS. 



The shaded areas indicate when the input is permitted to change for 
predictable output performance. 

Fig. 5 



SET-UP TIME (tg) AND HOLD TIME (t^) 
FOR COUNT ENABLE (CEPKAND (CET) 
AND PARALLEL ENABLE (PE) INPUTS. 



r^^j 



J ^ 



Other Conditions: PE - L, MR = H 



The shaded areas indicate when the input is permitted to change for 
predictable output performance. 



f-^^J^ 



•'^mmm 



ES 



/^-^^_/^^j^ 



m • ^^mmk BiitimmiiL 



- mmmmmm^^ 



RFSPONSE TO Pt 



7 x~ 



COUNT OR LOAD 



A T 



X 



Other Conditions: PE = H, MR = H 



Fig. 6 



Fig. 7 
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9LS164 (54LS/74LS164) 

SERIAL-IN PARALLEL-OUT SHIFT REGISTER 



DESCRIPTION - The 9LS164 (54LS/74LS164) is a high speed 8-Bit Serial-in 
Parallel-Out Shift Register. Serial data is entered through a 2-lnput AND gate 
synchronous with the LOW to HIGH transition of the clock. The device features an 
asynchronous Master Reset which clears the register setting all outputs LOW independent 
of the clock. It utilizes the Schottky diode clamped process to achieve high speeds and is 
fully compatible with all Fairchild TTL products. 



TYPICAL SHIFT FREQUENCY OF 35 MHz 

ASYNCHRONOUS MASTER RESET 

GATED SERIAL DATA INPUT 

FULLY SYNCHRONOUS DATA TRANSFERS 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 



A, B 
CP 

MR 



LOADING (Note a) 



Data Inputs 

Clock (Active HIGH Going 

Edge) Input 

Master Reset (Active LOW) Input 

Outputs (Note b) 



HIGH 


LOW 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5(2.5) U.L. 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 mA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Connnnercia! (XC) 
Temperature Ranges. 



LOGIC SYMBOL 


1 — 


A 




2 


R 9LS164 

8-BIT SHIFT REGISTER 




8 


CP 

MR Qq Qi Q2 Q3 Q4 Q5 Q6 Q7 






Till II 

9 3 4 J5- 6 10 r, 12 13 




Vqc =Pin 14 


GND = Pin 7 


CONNECTION DIAGRAM 


DIP (TOP VIEW) 


^L 


A ^^Vcc 


h" 


= L 


B O7 


3" 


3L 


"0 ^6 


J ,2 


^q 


Ql Q5 


3" 


^L 


Q2 Q4 


J 10 


^d 


Q3 MR 


3^ 


^l: 


GND CP 


J8 


NOTE: 


The Flatpak version has the same 


pinouts (Connection Diagram) as the 


Dual In-Line Package. 



LOGIC DIAGRAM 



©A_ 



-^ MR j^ 

©-o[>o 



■>) 




. 










. 










. 










. 




















. 






















J 


r° 


Co 






[^ 


Cd 






rO 


Cd 






rO 


Cd 






rO 


Cd 






rO 


Cd 






rO 


Cd 






rO 


Co 






< 


S 






S 


i 








b 






1 


b 






\ 


5 




S 


? 






S 


p 






^ 


p 



















































































































VCC = Pi" ^^ 
GND = Pin 7 
O = Pin Numbers 



© 



© © © ® ® © ® 
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FAIRCHILD • 9LS164(54LS/74LS164) 



FUNCTIONAL DESCRIPTION - The 9LS164 is an edge-triggered 8-bit shift register with serial data entry and an output 
from each of the eight stages. Data is entered serially through one of two inputs (A or B); either of these inputs can be used as 
an active HIGH Enable for data entry through the other input. An unused input must be tied HIGH, or both inputs 
connected together. 

Each LOW-to-HIGH transition on the Clock (CP) input shifts data one place to the right and enters into^Q the logical AND 
of the two data inputs (A-B) that existed before the rising clock edge. A LOW level on the Master Reset (MR) input overrides 
all other inputs and clears the register asynchronously, forcing all Q outputs LOW. 



MODE SELECT - TRUTH TABLE 



OPERATING 
MODE 


INPUTS 


OUTPUTS 


iviR 


A B 


Qo 


Ql-Qy 


Reset (Clear) 


L 


X X 


L 


L-L 


Shift 


H 
H 
H 
H 


1 1 

1 h 
h 1 
h h 


L 
L 
L 
H 


qo-% 
qo-qe 
qo-qe 
qo-qe 



L (1) = LOW Voltage Levels 

H (h) = HIGH Voltage Levels 

X = Don't Care 

Qn = Lower case letters indicate the state of the referenced input or 

output one set-up time prior to the LOW to HIGH clock 

transition. 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
^CC '^'^ Potential to Ground Pin 
* Input Voltage (dc) 
*lnput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 Cto-M50 C 

-55°Cto-f-125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (V^c) 


TEMPERATURE 




MIN 


TYP 


MAX 




9LS164XM/54LS164XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto +125°C 


9LS164XC/74LS164XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD • 9LS164(54LS/74LS164) 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE 


RANGI 


E (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


V:l 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc=MIN, l,M = -18mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN, Iqh = -400 M 


XC 


2.7 


3.4 




V|[vj = V||_j or Vj|_ per Truth Table 


v^. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


lOL = 4.0 mA Vcc = MIN, V||m = V|h or 


^OL 


XC 




0.35 


0.5 


V 


Iql = 8.0 mA V|L per Truth Table 


III! 


Input HIGH Current 






20 


M 


Vcc = MAX, V,N = 2.7 V 


'IH 






0.1 


mA 


Vcc=MAX, V,|^ = 10V 


'IL 


Input LOW Current 






-0.4 


nnA 


Vcc " MAX, V,|sj = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc ^ ^^^' '^OUT "" V 


'cc 


Power Supply Current 
(Note 6) 




16 


27 


mA 


Vcc = "^AX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqc = 5.0 V, T^ = 25° C. 

5. Not more than one output should be shorted at a time. 

6. Ice '^ measured with outputs open, serial inputs grounded, the clock input at 2.4 V, and a momentary ground, then 4.5 V applied to clear. 



AC CHARACTERrSTICS: T^ = 25°C 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TCCT Pf 




MIN 


TYP 


MAX 




^MAX 


Maximum Clock Frequency 


25 


35 




MHz 


Fig. 1 




tpLH 
*PHL 


Propagation Delay, Positive- 
Going Clock to Outputs 




17 
21 


27 
32 


ns 


Fig. 1 


Vcc = 5V 
Cl=15pF 


¥hl 


Propagation Delay, Negative- 
Going MR to Outputs 




24 


36 


ns 


Fig. 2 





AC SET-UP REQUIREMENTS: T^ = 25^ 


c 












SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


ts 


Set-Up Time, A or B Input to 
Positive-Going CP 


15 






ns 


Fig. 3 




th 


Hold Time, A or B Input to 
Positive Going CP 


5 






ns 


Fig. 3 




twCP(H) 


CP Pulse Width (HIGH) 


20 






ns 


Fig. 1 


Vcc " ^ "^ 


twCP(U 


CP Pulse Width (LOW) 


20 






ns 


Fig. 1 


Cl=15pF 


twMR(L) 


MR Pulse Width (LOW) 


20 






ns 


Fig. 2 




Vec 


Recovery Time, Positive-Going 
MR to Positive-Going CP 


20 






ns 


Fig. 2 
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FAIRCHILD • 9LS164(54LS/74LS164) 



AC WAVEFORMS 

The shaded areas indicate when the input is permitted to change for predictable output performance. 



CLOCK TO OUTPUT DELAYS 
AND CLOCK PULSE WIDTH 



MASTER RESET PULSE WIDTH, 

MASTER RESET TO OUTPUT DELAY AND 

MASTER RESET TO CLOCK RECOVERY TIME 



CONDITIONS: MR = H 
Fig. 1 



"\ / 



i 



HL— 4 



f 



Fig. 2 



DATA SET-UP AND HOLD TIMES 



[-. — i\f^-^ 



t^"^_^ 



Fig. 3 




_L-T3v -J^1.3V 
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9LS170 (54LS/74LS170) 

4x4 REGISTER FILE (0/C) 



DESCRIPTION - The TTL/MSi 9LS170 (54LS/74LS170) is a high-speed, low-power 
4x4 Register File organized as four words by four bits. Separate read and write inputs, 
both address and enable, allow simultaneous read and write operation. 

Open collector outputs make it possible to connect up to 128 outputs in a wired-AND 
configuration to increase the word capacity up to 512 words. Any number of these 
devices can be operated in parallel to generate an n-bit length. 

The 9LS670 (54LS/74LS670) provides a similar function to this device but it features 
3-state outputs. 



• SIMULTArJEOUS READ/WRITE OPERATION 

• EXPANDABLE TO 512 WORDS OF n-BITS 

• TYPICAL ACCESS TIME OF 20 ns 

• LOW LEAKAGE OPEN-COLLECTOR OUTPUTS FOR EXPANSION 

• TYPICAL POWER DISSIPATION OF 125 mW 



PIN NAMES 


Data Inputs 


LOADING (Note a) 




HIGH 


LOW 


D1-D4 


0.5 U.L. 


0.25 U.L. 


Wa,Wb 


Write Address Inputs 


0.5 U.L. 


0.25 U.L. 


EW 


Write Enable (Active LOW) Input 


1.0 U.L. 


0.5 U.L. 


Ra, Rb 


Read Address Inputs 


0.5 U.L 


0.25 U.L. 


Er 


Read Enable (Active LOW) Input 


1.0 U.L. 


0.5 U.L. 


Q1-Q4 


Outputs (Note b) 


Open Collector 


5(2.5) U.L 



NOTES: 

a. 1 TTL Unit Load (U.L.) - 40 mA HIGH/1.6 mA LOW 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5.0 U.L. for Commercial (XC) 
Temperature Ranges. The Output HIGH drive must be supplied by an external resistor to Vqq. 



LOGIC SYMBOL 




12 


15 1 2 3 


14 


i 


1 1 




M^y^' 


;:.D-| D2 D3 D4 




13 — — 


w|: ;. 






5 « 


Ra' 








^BEr 


Ql Q2 Q3 Q4 




? 


1 






n 


10 9 7 6 




vcc 


= Pin 16 




GND 


= Pin 8 


CONNECTION DIAGRAM 




DIP (TOP VIEW) 


1 


E 


D2 


^Voc 


],6 


2 


C 


D3 


Dl 


3,5 


3 


L 


D4 


"Ia 


3,4 


4 


L 


Rb 


Wb 


],3 


5 


L 


Ra 


% 


3,2 


6 


L 


Q4 


Er 


1" 


7 


C 


^3 


Qi 


3,0 


8 


L 


GND 


Q2 


3 = 


NOTE: 






The Fla 


tpak version has the same 


pinouts (Connection Diagram) as the 


Dual In-Line Package. 
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FAIRCHILD • 9LS170(54LS/74LS170) 



LOGIC DIAGRAM 



© 



I^ 



® 







i 



5 



i 



->— tH>- 



tO 



© 



Eo u 







O^ 







Y 



E=^=i 



'' w 



a 



S 



B 







Y 



£ 



a 



G D 



i 



O 



Y 



i 



a 



G D 



i 



G D 



a 



G D 



I© 



D MM WW WW 



I© 



10 



1© 



I® 



O = Pin Numbers 
Vcc = Pin 16 
GND = Pin 8 
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FAIRCHILD • 9LS170(54LS/74LS170) 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Vcc P'"^ Potential to Ground Pin 
*[nput Voltage (dc) 
*lnput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (dc) (Output LOW) 

* Either Input Voltage limit or Input Current linriit is sufficient to protect the inputs. 



--65°Cto+150°C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 Vto+15 V 

-30 mA to +5.0 mA 

-0.5 Vto+lOV 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (V^^) 


TEMPERATURE 




MIN 


TYP 


MAX 


9LS1 70XM /54LS 1 70XM 


4.5 V 


5.0 V 


5.5 V 


-55°C to+125°C 


9LS170XC/74LS170XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


Vii 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


^IL 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc=MIN, l|N = -18mA 


'oh 


Output HIGH Current 






20 


yUA 


Vqh = 5.5 V, Vqc = MIN 

Vjjyj = V|j^ or V|L per Truth Table 


Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql =" 4.0 mA 


Vcc = MIN, V|(M = V|H or 


XC ^ 




0.35 


0.5 


V 


IqL = 8.0 mA 


V|L per Truth Table 


1.. . 


Input HIGH Current 
Any D, R, or W 
EporEw 






20 
40 


//A 


Vqq = MAX, VjM = 2.7 V 


'IH 


Any D, R, or W 
Er or Ew 






0.1 
0.2 


mA 


Vcc=MAX,V|N = 10V 


'IL 


Input LOW Current 
Any D, R or W 
Er or Ew 






-0.4 
-0.8 


mA 


Vcc ^ MAX, V|pg = 0.4 V 


'cc 


Power Supply Current 
(Note 5) 




25 


40 


mA 


Vcc = MAX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 
A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera- 
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc ^ ^-O V, T/\ = 25°C, and maximum loading. 

5. Ice is measured under the following worst-case conditions; 4.5 V is applied to all data inputs and both enable inputs, all address inputs are 
grounded, and all outputs are open. 
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FAIRCHILD • 9LS170(54LS/74LS170) 



AC CHARACTERISTICS: T^ = 25°C 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 






MIN 


TYP 


MAX 


Itol t^OiNui 1 iui>io 


*PLH 
^PHL 


Propagation Delay, Negative- 
Going Ep to Q Outputs 






30 
30 


ns 


Fig. 1 




*PLH 

¥hl 


Propagation Delay, R^ or Rg 
to Q Outputs 






40 
40 


ns 


Fig. 2 


Cl= 15pF 


Vlh 


Propagation Delay, Negative- 
Going Eyj to Q Outputs 






45 
40 


ns 


Fig. 1 


RL=2kQ 


^PLH 
^PHL 


Propagation Delay, Data Inputs 
to Q Outputs 






45 
35 


ns 


Fig. 1 





AC SET-UP REQUIREMENTS: T^ = 25° 


C 










SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


tw 


Pulse Width (LOW) for Ey^ 


25 






ns 




tsD 
(Note 6) 


Set-Up Time, Data Inputs with 
Respect to Positive-Going E\jy 


10 






ns 




t^D 


Hold Time, Data Inputs with 
Respect to Positive-Going E^ 


15 






ns 


Vcc = 5V 


tgW 

{Note 8} 


Set-Up Time, Write Select Inputs 
W^ and Wg with Respect to Negative- 
Going Eyv 


15 






ns 




thW 


Hold Time, Write Select Inputs 
W^ and Wg with Respect to Positive- 
Going Eyv 


5 






ns 


Fig- 3 



NOTES: 

6. The Data to Enable Set-up Time is defined as the time required for the logic level to be present at the Data input prior to the enable 
Transition from LOW to HIGH in order for the latch to recognize and store the new data. 

7. The Hold Time (t^) is defined as the minimum time following the enable transition from LOW to HIGH that the logic level must be 
maintained at the input in order to ensure continued recognition. 

8. The Address to Enable Set-up Time is the time before the HIGH to LOW Enable transition that the Address must be stable so that the 
correct latch is addressed and the other latches are not affected. 

9. The shaded areas indicate when the inputs are permitted to change for predictable output performance. 

AC WAVEFORMS 



\ 



-Vhl — -4 



\ 



Fig. 1 



j— — Vlh 




X 



[-* ^PHL- 



\ 



Fig. 2 



1 



\^ ^PLH i^ 



jfZ 




Fig. 3 
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9LS174 (54LS/74LS174) 

HEX D FLIP-FLOP 



DESCRSPTION -- The LSTTL/MSI 9LS174 (54LS/74LS174) is a high speed Hex D 
Flip-Flop. The device is used primarily as a 6-bit edge-triggered storage register. The 
information on the D inputs is transferred to storage during the LOW to HIGH clock 
transition. The device has a Master Reset to simultaneously clear all flip-flops. The 
9 LSI 74 is fabricated v\/ith the Schottky barrier diode process for high speed and is 
completely compatible with all Fairchild TTL families. 



EDGE-TRIGGERED D-TYPE IIMPUTS 

BUFFERED-POSfTSVE EDGE-TRfGGERED CLOCK 

CLOCK TO OUTPUT DELAYS OF 14 ns 

ASYWCHROIMOUS COMMOM RESET 

INPUT CLAMP DJODES LIMIT HIGH SPEED TERIMATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 




D0-D5 


Data Inputs 


CP 


Clock (Active HIGH Going Edge) input 


MR 


Master Reset (Active LOW) Input 


Q0-Q5 


Outputs (Note b) 



LOADING (Note a) 


HIGH 


LOW 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5(2.5) U.L 



NOTES: 

a. 1 TTL Unit Load (U.L.) - 40 mA HlGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Connnnercial (XC) 
Temperature Ranges. 



LOGIC DIAGRAM 



L < D Q , 




Vcc = Pin 16 
GND = Pin 8 
O = Pin Numbers 



LOGIC SYMBOL 



3 4 6 n 13 14 



Dp D^ D2 D3 D4 D5 



% Qi Q2 Q3 Q4 Q5 



2 5 7 10 12 



Vcc '-'- Pin 16 
GND = P(n 8 



CONNECTION DIAGRAM 
DIP (TOP VIEW) 




NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD* 9LS174{54LS/74LS174) 



FUNCTIONAL DESCRIPTION - The 9LS174 consists of six edge-triggered D flip-flops with individual D inputs and Q 
outputs. The Clock (CP) and Master Reset (MR) are common to all flip-flops. 

Each D input's state is transferred to the corresponding flip-flop's output following the LOW to HIGH Clock (CP) transition, 

A LOW input to the Master Reset (MR) will force all outputs LOW independent of Clock or Data inputs. The 9LS174 is 
useful for applications where the true output only is required and the Clock and Master Reset are common to all storage 
elements. 



TRUTH TABLE 



Inputs (t= n, MR = H) 


Outputs (t = n+1) Note 1 


D 


Q 


H 
L 


H 
L 



Note 1 : t = n 4- 1 indicates conditions after next clock. 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vqq Pin Potential to Ground Pin 

* Input Voltage (dc) 

* input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 
* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (V^c) 


TEMPERATURE 




MiN 


TYP 


MAX 




9LS174XM/54LS174XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS174XC/74LS174XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


ViH 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


v., 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Threshold 


^!L 


XC 






0.8 


Voltage for All Inputs 


VcD 


Input Clannp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l|[sj=-18mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc=MINJoH = "'^OO^A 


XC 


2.7 


3.4 




V||yg = Vj^ or V||_ per Truth Table 


V^M 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


lOL = 4.0 mA 


Vcc = MIN, V|N = V|H or 


"OL 


XC 




0.35 


0.5 


V 


Iql^ 8.0 mA 


VjL per Truth Table 


liij 


Input HIGH Current 






20 


M 


^CC = "^AX, V||vj = 2.7 V 








0.1 


mA 


Vqq- MAX, V||^= 10V 


'IL 


Input LOW Current 






-0.36 


mA 


^CC ^ ^^^' ^IN = 4 ^ 


'sc 


Output Short Circuit 
Current (Note 5) 


"15 




100 


mA 


Vcc=MAX,VouT = OV 


'cc 


Power Supply Current 




16 


26 


mA 


V^c = MAX 
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FAIRCHILD • 9LS174 (54LS/74LS174) 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqq = 5.0 V, 25° C, and maximum loading. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ = 25°C 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Vlh 

^PHL 


Propagation Delay, Clock to Output 




12 

15 


20 
22 


ns 


Fig. 1 


¥hl 


Propagation Delay, MR to Output 




20 


28 


ns 


Fig. 2 


ffVIAX 


Maximum Input Clock Frequency 


40 


55 




MHz 


Fig. 1 



AC SET-UP REQUIREMENTS: T^ == 25°C 












SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


twCP 


Minimum Clock Pulse Width 


15 


10 




ns 


Fig. 1 


^s 


Set-up Time, Data to Clock (HIGH or LOW) 


10 






ns 


Fig. 1 


th 


Hold Time, Data to Clock (HIGH or LOW) 









ns 


Fig. 1 


^rec 


Recovery Time for MR 


12 


8.0 




ns 


Fig. 2 


tyyMR 


Minimum MR Pulse Width 


12 


8.0 




ns 


Fig. 2 



AC WAVEFORMS 



CLOCK TO OUTPUT DELAYS, 

CLOCK PULSE WIDTH, FREQUENCY, 

SET-UP AND HOLD TIMES DATA TO CLOCK 



MASTER RESET TO OUTPUT DELAY, 

MASTER RESET PULSE WIDTH, 

AND MASTER RESET RECOVERY TIME 



tj^i^-j 




V"" I f 



\ 



I 



I 



*The shaded areas indicate when the input is permitted to change 
for predictable output performance. 



Fig. 1 



Fig. 2 



DEFINITIONS OF TERMS: 

SET-UP TIME (tg) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 

to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (t^) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 

must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 

logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 

RECOVERY TIME [I^qq) — is defined as the minimum time required between the end of the reset pulse and the clock 

transition from LOW to HIGH in order to recognize and transfer HIGH Data to the Q outputs. 
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9LS175 (54LS/74LS175) 

QUAD D FLIP-FLOP 



DESCRIPTION - The LSTTL/MSI 9LS175 (54LS/74LS175) is a high speed Quad D 
Flip-Flop. The device is useful for general flip-flop requirements where clock and clear 
inputs are common. The information on the D inputs is stored during the LOW to HIGH 
clock transition. Both true and complemented outputs of each flip-flop are provided. A 
Master Reset input resets all flip-flops, independent of the Clock or D inputs, when LOW. 

The 9LS175 is fabricated with the Schottky barrier diode process for high speed and is 
completely compatible with all Fairchild TTL families. 



EDGE-TRIGGERED D-TYPE INPUTS 

BUFFERED-POSITIVE EDGE-TRIGGERED CLOCK 

CLOCK TO OUTPUT DELAYS OF 14 ns 

ASYNCHRONOUS COMMON RESET 

TRUE AND COMPLEMENT OUTPUT 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



Data Inputs 

Clock (Active HIGH Going Edge) input 
Master Reset {Active LOW) Input 
True Outputs (Note b) 
Complemented Outputs (Note b) 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 M HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 



PIN NAMES 


Do- 


-D3 


CP 




MR 




QO- 


-Q3 


QO- 


-Q3 



LOADING (Note a) 


HIGH 


LOW 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5(2.5) U.L. 


10 U.L. 


5(2.5) U.L. 



LOGIC DIAGRAM 



MR CP D3 



I 



® 



V 

o o 



@ 



Q 

Vcc = Pin 16 
GND=Pin 8 
O = Pin Numbers 



(3) 



© (D 



© 



© © 



© 



© 



© 



© 



LOGIC SYMBOL 



4 5 12 



Do Di D2 D3 



Qq Qo Qi Qi Q2 Q2 Q3 Q3 



rnmi 

3 2 6 7 11 10 14 15 



Vcc ^^ Pin 16 
GND = Pin 8 



CONNECTION DIAGRAM 
DIP (TOP VIEW) 




NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagrann) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS175 (54LS/74LS175) 



FUNCTtONAL DESCRIPTION - The 9LS175 consists of four edge-triggered D flip-flops with individual D inputs and Qand 
Q outputs. The Clock and Master Reset are common. The four flip-flops will store the state of their individual D inputs on 
the LOW to HIGH Clock (CP) transitioji, causing individual Q and Q outputs to follow. A LOW input on the Master Reset 
(MR) will force ail Q outputs LOW and Q outputs HIGH independent of Clock or Data inputs. 

The 9 LSI 75 is useful for general logic applications where a common Master Reset and Clock are acceptable. 

TRUTH TABLE 



Inputs {t = n, MR = H) 


Outputs (t = n+1) Note 1 


D 


Q Q 


L 
H 


L H 
H L 



Note 1 : t = n + 1 indicates conditions after next clock. 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
\/qq Pin Potential to Ground Pin 

* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55^0 to +1 25° C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (Vqc) 


TEMPERATURE 


MIN 


jYp 


MAX 


9LS175XM/54LS175XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto +125°C 


9LS175XC/74LS175XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75^C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 




SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 




MIN 


TYP 


MAX 




V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


Vii 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 




^!L 


XC 






0.8 




VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc= MIN, 1,1^4 = -18 mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqc = MIN, Iqh = -^00 M 
Vjivj = V|H or V|L per Truth Table 




XC 


2.7 


3.4 






\/^. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql = 4.0 mA 


Vcc = MIN, V,M = V|H 
VjL per Truth Table 


or 


^OL 


XC 




0.35 


0.5 


V 


IqL = 8.0 mA 




In 1 


Input HIGH Current 






20 


M 


Vcc = MAX, V,N = 2.7 V 


MH 






0.1 


mA 


Vcc=MAX, V,N=10V 


'IL 


Input LOW Current 






-0.36 


mA 


Vqc = MAX, V,p^ - 0.4 V 


'sc 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc=MAX,VouT=OV 


'cc 


Power Supply Current 




11 


18 


mA 


Vqc - MAX 
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FAIRCHILD • 9LS175 (54LS/74LS175) 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at V^q = 5.0 V, Ta = 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ = 25°C 





PARAMETER 


LIMITS 


UNITS 






MIN 


TYP 


MAX 


TEST CONDITIONS 


¥lh 

tpHL 


Propagation Delay, Clock to Output 




12 
15 


20 
22 


ns 


Fig. 1 


^PHL 


Propagation Delay, MR to Q Output 




20 


28 


ns 


Fig. 2 


tpLH 


Propagation Delay, MR to Q Output 




16 


24 


ns 


Fig. 2 


^MAX 


Maximum Input Clock Frequency 


40 


55 




MHz 


Fig. 1 


AC SET-UP REQUIREMENTS: Ta = 25X 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 




MIN 


TYP 


MAX 


TEST CONDITIONS 


twCP 


Minimum Clock Pulse Width 


15 


10 




ns 


Fig. 1 


ts 


Set-up Time, Data to Clock (HIGH or LOW) 


10 






ns 


Fig. 1 


th 


Hold Time, Data to Clock (HIGH or LOW) 









ns 


Fig. 1 


Vec 


Recovery Time for MR 


12 


8.0 




ns 


Fig. 2 


tvyMR 


Minimum MR Pulse Width 


12 


8.0 




ns 


Fig. 2 



AC WAVEFORMS 
CLOCK TO OUTPUT DELAYS, 

CLOCK PULSE WIDTH, FREQUENCY, 

SET-UP AND HOLD TIMES DATA TO CLOCK 



MASTER RESET TO OUTPUT DELAY, 

MASTER RESET PULSE WIDTH, 

AND MASTER RESET RECOVERY TIME 



"^J^"^^^ 




^^£zy 






\ 



*The shaded areas indicate when the input is permitted to change 
for predictable output performance. 
Fig. 1 



Fig. 2 



/ 



I 



F \ 



DEFINITIONS OF TERMS: 

SET-UP TIME (tg) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 

to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (t^) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 

must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 

logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 

RECOVERY TIME {I^qq) — is defined as the minimum time required between the end of the reset pulse and the clock 

transition from LOW to HIGH in order to recognize and transfer HIGH Data to the Q outputs. 
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9LS181(54LS/74LS181) 

4-BIT ARITHMETIC LOGIC UNIT 



DESCRIPTION - The 9LS181 (54LS/74LS181) is a 4-bit Arithmetic Logic Unit (ALU) 
which can perform all the possible 16 logic. operations on two variables and a variety of 
arithmetic operations. 

• PROVIDES 16 ARITHMETIC OPERATIOMS 

ADD, SUBTRACT, COMPARE. DOUBLE, PLUS 
TWELVE OTHER ARITHMETIC OPERATIONS 

• PROVIDES ALL 16 LOGIC OPERATIONS OF TWO 
VARIABLES 

EXCLUSIVE-OR, COMPARE, AND, NAND, OR, 
NOR, PLUS TEN OTHER LOGIC OPERATIONS 

• FULL LOOKAHEAD FOR HIGH SPEED ARITHMETIC 
OPERATION ON LONG WORDS 

• INPUT CLAMP DIODES 
PIN NAMES 

Operand (Active LOW) Inputs 

Function — Select Inputs 

Mode Control Input 

Carry Input 

Function (Active LOW) Outputs 

Comparator Output 

Carry Generate (Active LOW) Output 

Carry Propagate (Active LOW) Output 

Carry Output 



LOADING (Note a) 



SQ-S3 

M 

^n _ 

F0-F3 

A=B 

G 
P 



A3, B0-B3 



HIGH 


LOW 


1.5 U.L 


0.75 U.L. 


2.0 U.L. 


1.0 U.L. 


0.5 UL. 


0.25 U.L. 


2.5 U.L. 


1.25 U.L. 


10 U.L. 


5(2.5) U.L. 


Open Collector 


5(2.5) U.L. 


10 U.L. 


10 U.L. 


10 U.L. 


5 U.L. 


10 U.L. 


5(2.5) U.L. 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 jjlA HIGH/1 .6 mA LOW 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 



LOGIC DIAGRAM 




LOGIC SYMBOL 


21 23 22 21 20 19 18 




U U ii u 




; 


Ao Bo At Ri A2 Bj A3 83 

Cn Cn+4 


16 





M A = B 


14 


ri 


So G 


0- 17 


4 


Si 
S2 


15 


3 


^3 Fo Fi F2 F3 






? T T T 




9 10 11 13 


Vcc == Pin 24 
GND = Pin 12 


CONNECTION DIAGRAMS 


DIP (TOP VIEW) 


■'c: 


Bo ^^-^^ 


ZJ 24 


2C 


Aq Ai 


Z}23 


^LZ 


S3 Bi 


Z2 22 


4[Z 


S2 A2 


Z121 


Bc: 


Si "B2 


:^2o 


6CI 


So A3 


Zl 19 


7c: 


Cn B3 


:^18 


BC 


M "G 


:ji7 


^n: 


Fo Cn+4 


zi^e 


lOd 


Fl "P 


zi^^ 


nC 


Fj A = B 


Zlu 


12c: 


GND T3 


:3 13 


NOTE: 


The Flatpak version has the same 


pinouts (Connection Diagram) as the 
Dual [n-ijne Package. 
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FAIRCHILD • 9LS181 (54LS/74LS181] 



FUNCTIONAL DESCRIPTION - The 9LS181 (54LS/74LS181) is a 4-bit high speed parallel Arithmetic Logic Unit (ALU). 
Controlled by the four Function Select Inputs (Sq • - - S3) and the Mode Control Input (M), it can perform all the 16 
possible logic operations or 16 different arithmetic operations on active HIGH or active LOW operands. The Function 
Table lists these operations. 

When the Mode Control Input (M) is HIGH, all internal carries are inhibited and the device performs logic operations on the 
individual bits as listed. When the Mode Control Input is LOW, the carries are enabled and the device performs arithmetic 
operations on the two 4-blt words. The device incorporates full internal carry lookahead and provides for either ripple carry 
between devices using the 0^,^.4 output, or for carry lookahead between packages using the signals P (Carry Propagate) and G 
(Carry Generate). P and G are not affected by carry in. When speed requirements are not stringent, the 9LS181 can be used 
in a simple ripple carry mode by connecting the Carry Output (Cpi+4) signal to the Carry Input (C^) of the next unit. For 
high speed operation the 9LS181 is used in conjunction with the 9342 or 93S42 carry lookahead circuit. One carry lookahead 
package is required for each group of four 9LS181 devices. Carry lookahead can be provided at various levels and offers high 
speed capability over extremely long word lengths. 

The A = B output from the 9LS181 goes HIGH when all four F outputs are HIGH and can be used to indicate logic 
equivalence over four bits when the unit is in the subtract mode. The A = B output is open collector and can be wired-AND 
with other A = B outputs to give a comparison for more than four bits. The A = B signal can also be used with the 0^+4 
signal to indicate A > B and A < B. 

The Function Table lists the arithmetic operations that are performed without a carry in. An incoming carry adds a one to 
each operation. Thus, select code LHHL generates A minus B minus 1 (2s complement notation) without a carry in and 
generates A minus B when a carry is applied. Because subtraction is actually performed by complementary addition (Is 
complement), a carry out means borrow; thus a carry is generated when there is no underflow and no carry is generated when 
there is underflow. 

As indicated, the 9LS181 can be used with either active LOW inputs producing active LOW outputs or with active HIGH 
inputs producing active HIGH outputs. For either case the table lists the operations that are performed to the operands labeled 
inside the logic symbol. 



FUNCTION TABLE 



MODE SELECT 


ACTIVE LOW INPUTS 


ACTIVE HIGH INPUTS 


INPUTS 


& OUTPUTS 


& 


OUTPUTS 


LOGIC 


ARITHMETIC* * 


LOGIC 


ARITHMETIC** 


S3 S2 Si 


Sq 


(M = H) 


(M = L) (Cn= L) 


(M = H) 


(M = L) (Cn = H) 


L L L 


L 


A 


A minus 1 


A 


A 


L L L 


H 


AB 


AB minus 1 


A f B 


A + B 


L L H 


L 


A+ B 


AB minus 1 


AB 


A + B 


L L H 


H 


Logical 1 


minus 1 


Logical 


minus 1 


L H L 


L 


A+ B 


A plus (A + B) 


AB 


A plus AB 


L H L 


H 


B 


AB plus (A + B") 


B 


(A + B) plus A"B" 


L H H 


L 


A © B 


A minus B minus 1 


A © B 


A minus B minus 1 


L H H 


H 


A + B 


A + B 


AB 


AB minus 1 


H L L 


L 


AB 


A plus (A + B) 


A + B 


A plus AB 


H L L 


H 


A © B 


A plus B 


A© B 


A plus B 


H L H 


L 


B 


AB plus (A + B) 


B 


(A + B) plus AB 


H L H 


H 


A + B 


A + B 


AB 


AB minus 1 


H H L 


L 


Logical 


A plus A* 


Logical 1 


A plus A* 


H H L 


H 


a"b 


AB plus A 


A + B 


(A + B) plus A 


H H H 


L 


AB 


AB plus A 


A + B 


(A + B) plus A 


H H H 


H 


A 


A 


A 


A minus 1 



L = LOW Voltage Level 

H = HIGH Voltage Level 

*Each bit is shifted to the next more significant position 
** Arithmetic operations expressed in 2s complement notation 



LOGIC SYMBOLS 
ACTIVE LOW OPERANDS 

2 1 23 22 21 20 19 18 

u u n u 



Aq Bq Ai Bi A2 B2 A3 B3 



t t t t 



ACTIVE HIGH OPERANDS 



i 22 21 20 19 18 



Aq Bq Ai B^ A2 Bj A3 E 
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FAIRCHILD • 9LS181 (54LS/74LS181) 



ABSOLUTE MAXIMUM RATINGS (above which the useful life nnay be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
^CC ^^^ Potential to Ground Pin 
*lnput Voltage (dc) 
*lnput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

^Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
GUARANTEED OPERATING RANGES 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5Vto+15V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



PART NUMBERS 


SUPPLY VOLTAGE (V^c) 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS181XM/54LS181XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS181XC/74LS181XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

PC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 






MIN 


TYP 


MAX 




VlH 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


ViL 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, l„yj = -18mA 


VOH 


Output HIGH Voltage 
Any Output except A=B 


XM 


2.5 


3.4 




V 


Vcc=MIN,loH = -400M 


XC 


2.7 


3.4 




Vjfg = V|H or VjL per Truth Table 


'oh 


Output HIGH Current 
A=B Output Only 






100 


M 


Vcc = MIN, VoH = 5.5 V 




Output LOW Voltage 
Except G and P 


XM,XC 




0.25 


0.4 


V 


'OL "^ ^-^ "^^ 






XC 




0.35 


0.5 


V 


Iql = 8.0 mA 




Vol 


Output LOW Voltage 
Output G 




0.47 


0.7 


V 


IqL = 16 mA 


V||_ per Truth Table 




Output LOW Voltage 
Output P 


XM 




0.35 


0.6 


V 


Iql = 80 mA 






XC 




0.35 


0.7 




liii 


Input HIGH Current 
Mode Input 
A and 1 1nputs 
S Inputs 
Carry Inputs 






20 

60 

80 

100 


M 


Vcc = MAX, V,N = 2.7 V 


'IH 


Mode Input 
A and B Inputs 
S Inputs 
Carry Inputs 






0.1 
0.3 
0.4 
0.5 


mA 


Vcc = MAX, V||sj= 10 V 


'IL 


Input LOW Current 
Mode Input 
A and B Inputs 
S Inputs 
Carry Inputs 






-0.36 
-1.08 
-1.44 
-2.0 


mA 


Vcc = MAX, V|N = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc=MAX,VouT = OV 




Power Supply Current 
Condition A (Note 6) 


XM 




20 


32 


mA 




'cc 


XC 




20 


34 


Vcc " ^^^ 




Power Supply Current 
Condition B (Note 6) 


XM 




21 


35 






XC 




21 


37 
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NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 
A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera- 
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqq = 5.0 V, 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 

6. With outputs open, \qq is measured for the following conditions: 

A. SO through S3, M, and A inputs are at 4.5 V, all other inputs are grounded. 

B. SO through S3 and M are at 4.5 V, ail other inputs are grounded. 



AC CHARACTERISTICS: T^ = 25°a 


Vcc = 5.0 V, Pin 12 


= GND 




SYMBOL 


PARAMETER 


LIMITS 


UNITS 


CONDITIONS 


TYP 


MAX 


tpLH 
tpHL 


Propagation Delay, 
(Cn to Cn+4) 




27 
20 


ns 


M - V, (Sum or Diff Mode) 
See Fig. 4 and Tables 1 and 11 


^PLH 
*PHL 


(Op to F Outputs) 




26 
20 


ns 


M = V, (Sum Mode) 
See Fig. 4 and Table 1 


^PLH 
^PHL 


{A or B Inputs to G Output) 




29 
23 


ns 


M = Si = S2 - V, Sq = S3 = 4.5 V 
(Sum Mode) See Fig. 4 and Table 1 


^PLH 
tpHL 


(A or B Inputs to G Output) 




32 
26 


ns 


M - Sq =^ S3 = V, Si = S2 = 4.5 V 
(Diff Mode) See Fig. 5 and Table 1! 


*PLH 
*PHL 


{A or B Inputs to P Output) 




30 
30 


ns 


M = S-j = S2 = V, Sq = S3 = 4.5 V 
(Sum Mode) See Fig. 4 and Table 1 


tpLH 
^PHL 


(A or B Inputs to P Output) 




30 
33 


ns 


M = Sq = S3 = V, Si = S2 = 4.5 V 
(Diff Mode) See Fig. 5 and Table II 


tpLH 
^PHL 


(A or B Inputs to any F Output) 




32 
20 


ns 


M = Si - S2 = V, So = S3 = 4.5 V 
(Sum Mode) See Fig. 4 and Table 1 


tpLH 
^PHL 


(A or B Inputs to any F Output) 




32 
23 


ns 


M = Sq = S3 = V, Si = S2 = 4.5 V 
(Diff Mode) See Fig. 5 and Table 11 


tpLH 
^PHL 


_ _ _ 
(A or B Inputs to F Outputs) 




33 
29 


ns 


M = 4.5 V (Logic Mode) 
See Fig. 4 and Table 111 


tpLH 
^PHL 


(A or B Inputs to Cr,^4 Output) 




38 
38 


ns 


M = V, Sq = S3 = 4.5 V, Si = S2 = V 
(Sum Mode) See Fig. 6 and Table 1 


tpLH 
tpHL 


(A or B Inputs to €^,+4 Output) 




41 
41 


ns 


M = V, Sq = S3 = V, S 1 = S2 - 4.5 V 
(Diff Mode) 


^PLH 
^PHL 


(A or B Inputs to A = B Output) 




50 
62 


ns 


M = Sq = S3 - V, Si = S2 = 4.5 V, 

R^ = 2 kO 

(Diff Mode) See Fig. 5 and Table li 





AC WAVEFORMS 




Fig. 4 




Fig. 5 




Fig. 6 



5-66 



FAIRCHILD • 9LS181 (54LS/74LS181) 



SUM MODE TEST TABLE 1 






FUNCTION INPUTS: Sq = S3 = 4.5 V, Si 


= S2 = M = V 


PARAMETER 


INPUT 

UNDER 

TEST 


OTHER INPUT 
SAME BIT 


OTHER DATA INPUTS 


OUTPUT 

UNDER 

TEST 


APPLY 
4.5 V 


APPLY 
GND 


APPLY 
4.5 V 


APPLY 
GND 


tPLH 
tpHL 


Aj 


"Bj 


None 


Remaining 
"Aand^ 


Cn 


?j 


tPLH 
^PHL 


Bj 


Aj 


None 


Rennaining 
Aand¥ 


Cn 


Fi 


^PLH 
tPHL 


Aj 


Bj 


None 


Cn 


Remaining 
"a and "B 


Fi + 1 


tPLH 
^PHL 


Bi 


Ai 


None 


Cn 


Remaining 
Xand¥ 


Fi + 1 


tPLH 
tPHL 


A 


B 


None 


None 


Remaining 
Xand¥, Cp 


P" 


tpLH 
^PHL 


"B 


A 


None 


None 


Remaining 
A"and¥, Cp 


¥ 


tPLH 
tPHL 


A^ 


None 


¥ 


Remaining 

¥ 


Remaining 
A',Cn 


g" 


^PLH 
tPHL 


b" 


None 


A 


Remaining 
¥ 


Remaining 
A, On 


g" 


tPLH 
tPHL 


A 


None 


¥ 


Remaining 

¥ 


Remaining 
A,Cn 


Cn +4 


tPLH 
tPHL 


b" 


None 


A 


Remaining 

¥ 


Remaining 
A.Cn 


Cn +4 


tPLH 
tpHL 


Cn 


None 


None 


All 
A 


All 
B 


AnyT 
or Cn + 4 



DIFF MODE TEST TABLE 11 






FUNCTION INPUTS: S^ = S2 = 4.5 V, Sq 


= S3 = M = V 




INPUT 

UNDER 

TEST 


OTHER INPUT 
SAME BIT 


OTHER DATA INPUTS 


OUTPUT 


PARAMETER 


APPLY 
4.5 V 


APPLY 
GND 


APPLY 
4.5 V 


APPLY 
GND 


UNDER 
TEST 


tPLH 
tPHL 


A 


None 


¥ 


Remaining 
A 


Remaining 
¥,Cn 


Fi 


tPLH 
tPHL 


¥ 


A 


None 


Remaining 
A 


Remaining 
B,Cn 


Fi 


tPLH 
tPHL 


Ai 


None 


¥i 


Remaining 
B.Cn 


Remaining 
A 


"Fj+i 


tPLH 
tPHL 


Bj 


Ai 


None 


Remaining 
B,Cn 


Remaining 
A 


Fi + 1 


tPLH 
tPHL 


A 


None 


¥ 


None 


Remaining 
"Aandl, Cn 


7 


tPLH 
tPHL 


¥ 


A 


None 


None 


Remaining 
"Aand¥, Cp 


¥ 


tPLH 
tPHL 


A 




B 


None 


None 


Remaining 
'Aand¥, Cn 


G 


tPLH 
tPHL 


¥ 


None 


A 


None 


Remaining 
Aand¥, Cp 


G 


tPLH 
tPHL 


A 


None 


B 


Remaining 
A 


Remaining 
¥,Cn 


A = B 


tPLH 
tPHL 


B 


A 


None 


Remaining 
A 


Remaining 
¥,Cn 


A= B 


tPLH 

tPHL 


A 


B 


None 


None 


Remaining 
Aand¥, Cn 


Cn +4 


tPLH 
tPHL 


B 


None 


A 


None 


Remaining 
A and¥, Cp 


Cn +4 


tPLH 
tpHL 


Cn 


None 


None 


All 
A and B 


None 


Cn +4 



LOGIC MODE TEST TABLE III 



PARAMETER 


INPUT 

UNDER 

TEST 


OTHER INPUT 
SAME BIT 


OTHER DATA INPUTS 


OUTPUT 

UNDER 

TEST 


FUNCTION INPUTS 


APPLY 
4.5 V 


APPLY 
GND 


APPLY 
4.5 V 


APPLY 
GND 


^PLH 
IPHL 


A 


None 


¥ 


None 


Remaining 
A and¥, Cp 


Any F 


Si =S2 = M = 4.5 V 
So = S3 - V 


tPLH 
^PHL 


¥ 


None 


a" 


None 


Remaining 
A and ¥, Cn 


Any F 


S.J = S2 = M = 4.5 V 
So = S3 = V 
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PRESETTABLE BCD/DECADE PRESETTABLE 4-BIT BINARY 

UP/DOWN COUNTERS UP/DOWN COUNTERS 



DESCRIPTION -The 9LS1 90 (54LS/74LS190) is a synchronous UP/DOWN BCD Decade 
(8421) Counter and the 9LS191 (54LS/74LS191) is a synchronous UP/DOWN Modulo-16 
Binary Counter. State changes of the counters are synchronous with the LOW-to-HIGH 
transition of the Clock Pulse input. 

An asynchronous Parallel Load (PL) input overrides counting and loads the data present 
on the Pp inputs into the flip-flops, which makes it possible to use the circuits as 
progrannmabie counters. A Count Enable (CE) input serves as the carry/borrow input in 
multi-stage counters. An Up/Down Count Control (U/D) input determines whether a 
circuit counts up or down. A Terminal Count (TC) output and a Ripple Clock (RC) 
output provide overflow/underflow indication and make possible a variety of methods 
for generating carry/borrow signals in multi-stage counter applications. 



LOW POWER . . . 90 mW TYPICAL DISSIPATION 

HIGH SPEED ... 35 MHz TYPICAL COUNT FREQUENCY 

SYNCHRONOUS COUNTING 

ASYNCHRONOUS PARALLEL LOAD 

INDIVIDUAL PRESET INPUTS 

COUNT ENABLE AND UP/DOWN CONTROL INPUTS 

CASCADABLE 

INPUT CLAMP DIODES LlMtT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES LOADING (Note a) 

CE Count Enable (Active LOW) Input 

CP Clock Pulse (Active HIGH going edge) Input 

U/D Up/Down Count Control Input 

PL Parallel Load Control (Active LOW) Input 

Pp Parallel Data Inputs 

Qp Flip-Flop Outputs (Note b) 

RC Ripple Clock Output (Note b) 

TC Terminal Count Output (Note b) 

NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 juA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 



HIGH 


LOW 


1.5U.L. 


0.7 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5 (2.5) U.L. 


10 U.L. 


5 (2.5) U.L. 


10 U.L. 


5 (2.5) U.L. 



LOGIC SYMBOL 


ri 15 1 10 9 




i 




5 


PL Po P., P2 P3 
U/D RC 


13 


4 


CE 




14 — 


CP TO 

% Qi Q2 Q3 


12 




1 1 1 1 

3 2 6 7 




Vcc = P'n 16 


GND^PinS 


CONNECTION DIAGRAM 


DIP (TOP VIEW) 


^C 


P, Vcc 


J,0 


^L 


0.1 Po 


J ,5 


3L 


Qo CP 


1» 


^L 


CE RC 


1" 


^L 


U/D TC 


1" 


^L 


Q2 PL 


D" 


'L 


Q3 ^2 


J,0 


bL 


GND P3 


3- 


NOTE: 






The Flatpak version has the same 


pinouts (Connection Diagram) as the 


Dual In-Line Package. 



STATE DIAGRAMS 














[o^rptr 


stjm 


9LS190 

UP: TC = Qo • Q3 • (U/D) 




i 


ItTrOtrTrO 


ferEi 


v\ y 


" f 


DOWN : TC = Qq • Qi • Q2 • Q3 


(U/D) 


V 




n 


'xC 


A 


9LS191 

UP: TC - Qo • Qi • Q2 • Q3 • 


(uTd) 


fiTj 




t 


f\ JH 


- t 


DOWN: TC = Qo • Qi • Q2 • Q3 ' 


(U/D) 


|13{ 




M 


^ '"^^ . — IIo^" ' 


•%t::^ 


Count Up 




fl2[^— f 


3}'r"'iTo]"^"^r9 


j^ 


190 




Count Down 






191 
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LOGIC DIAGRAMS 



CP U/D Pn CE 




DECADE COUNTER 
9LS190 



CP U/D Pn CE 




BINARY COUNTER 
9LS191 



Vcc = Pin 16 

GND- Pin 8 

O " Pin Numbers 
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FUIMCTIOIMAL DESCRIPTION - The 9LS190 is a synchronous Up/Down BCD Decade Counter and the 9LS191 is a 
synchronous Up/Down 4-Bit Binary Counter. The operating modes of the 9LS190 decade counter and the 9LS191 binary 
counter are identical, with the only difference being the count sequences as noted in the state diagrams. Each circuit contains 
four master/slave flip-flops, with internal gating and steering logic to provide individual preset, count-up and count-down 
operations. 

Each circuit has an asynchronous parallel load capability permitting the counter to be preset to any desired number. When 
the Parallel Load (PL) input is LOW, information present on the Parallel Data inputs (Pq— P3) 's loaded into the counter and 
appears on the Q outputs. This operation overrides the counting functions, as indicated in the Mode Select Table. 

A HIGH signal on the CE input inhibits counting. When CE is LOW, internal state changes arejnitiated synchronously by the 
LOW-to-HIGH transition of the clock input. The direction of counting is determined by the U/D input signal, as indicated in 
the Mode Select Table. When counting is to be enabled, the CE signal can be made LOW when the clock is in either state. 
However, when counting is to be inhibited, the LOW-to-HIGH CE transition must occur only while the clock is HIGH, 
Similarly, the U/D signal should only be changed when either CE or the clock is HIGH. 

Two types of outputs are provided as overflow/underflow indicators. The Terminal Count (TC) output is normally LOW and 
goes HIGH when a circuit reaches zero in the count-down mode or reaches maximum (9 for the 9 LSI 90, 15 for the 9LS191 ) 
in the count-up mode. The TC output will then remain HIGH until a state change occurs, whether by counting or presetting 
or until U/D Is changed. The TC output should not be used as a clock signal because it is subject to decoding spikes. 

The TC signal is also used internally to enable the Ripple Clock (RC) output. The RC output is normally HIGH. When CE is 
LOW and TC is HIGH, the RC output will go LOW when the clock next goes LOW and will stay LOW until the clock g oes 
HIGH again. This feature simplifies the design of multi-stage counters, as indicated in Figures a and b. In Figure a, each RC 
output is used as the clock input for the next higher stage. This configuration is particularly advantageous when the clock 
source has a limited drive capability, since it drives only the first stage. To prevent counting in all stages it is only necessary to 
inhibit the first stage, since a HIGH signal on CE inhibits the RC output pulse, as indicated in the RC Truth Table. A 
disadvantage of this configuration, in some applications, is the timing skew between state changes in the first and last stages. 
This represents the cumulative delay of the clock as it ripples through the preceding stages. 

A method of causing state changes to occur simultaneously in all stages is shown in Figure b. All clock inputs are driven in 
parallel and the RC outputs propagate the carry/borrow signals in ripple fashion. In this configuration the LOW state duration 
of the clock must be long enough to allow the negative-going edge of the carry/borrow signal to ripple through to the last 
stage before the clock goes HIGH. There is no such restriction on the HIGH state duration of the clock, since the RC output 
of any package goes HIGH shortly after its CP input goes HIGH. 

The configuration shown in Figure c avoids ripple delays and their associated restrictions. The CE input signal for a given 
stage is formed by combining the TC signals from all the preceding stages. Note that in order to inhibit counting an enable 
signal must be included in each carry gate. The_simple inhibit scheme of Figures a and b doesn't apply, because the TC 
output of a given stage is not affected by its own CE. 



MODE SELECT TABLE 



RC TRUTH TABLE 



INPUTS 


MODE 


Fl 


CE 


U/D 


CP 


H 


L 


L 


J 


Count Up 


H 


L 


H 


J 


Count Down 


L 


X 


X 


X 


Preset (Asyn.) 


H 


H 


X 


X 


No Change (Hold) 



INPUTS 


RC 
OUTPUT 


CE 


TC* 


CP 


L 
H 
X 


H 
X 
L 


i_r 

X 
X 


IS 
H 
H 



*TC is generated internally 



L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Don't Care 

J = LOW-to-HIGH Clock Transition 
U- LOW Pulse 
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DIRECTION 






























CONTROL 
































D/D 
CE 
CP 


RC 






u7d 

CE 
CP 


RC 


o 




U/D 
CE 
CP 


RC 


<^ 


„ 


















o 




o 




CLOCk 
























J 



















Fig. a) n-stage counter using ripple clock. 



DIRECTION _ 
CONTROL 

































U/D 
CE 
CP 


RC 


n 


— 


U/D 
CE 
CP 


RC 


" 1 


— o 


U/D 
CE 
CP 


RC 


a— 




1 — 































Fig. b) Synchronous n-stage counter using ripple carry/borrow. 



DIRECTION 
CONTROL " 



\-\>o 



CP TC 



:=D° 



CP TC 



-O' 



CP TC 



Fig. c) Synchronous n-stage counter with parallel gated carry/borrow. 
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ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
^CC ^^^ Potential to Ground Pin 
* Input Voltage (dc) 
*lnput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to+lOV 

+50 mA 



*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



GUARANTEED OPERATING RANGES 



PART NIJMBFRS 


SUPPLY VOLTAGE (V^^) 


TEMPFRATURF 




MIN 


TYP 


MAX 




9LS 1 90XM /54LS 1 90XIVI 
9LS191XM/54LS191XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS190XC/74LS190XC 
9LS191XC/74LS191XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Cermaic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Mote 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed input LOW Voltage 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


VQQ^Mm, l,^ = -18mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqc "= MIN, Iqh = --^00 M 


XC 


2.7 1 


3.4 




^IN ^ ^!H ^^ ^IL P®'' ^^^^^ Table 


V^. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


IOL = 4.0 mA 


Vcc = MIN, V|(sj = V|H or 


^OL 


XC 




0.35 


0.5 


V 


Iql = 8.0 mA 


V|j_ per Truth Table 


'IH 


Input HIGH Current 
P^, PL, CP, U/D 






20 
60 


M 


Vcc=MAX, Vj|vj = 2.7 V 


Pj,, PL, CP, U/D 






0.1 
0.3 


mA 


Vcc" ^^'^' ViM=^ 10 V 


'IL 


Input LOW Current 
P„, PL, CP, U/D 

eg 






-0.4 
-1.08 


mA 


Vqq = MAX, V|p^ == 0.4 V 


'os 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc-MAX,VouT-OV 


'cc 


Power Supply Current 




20 


35 


mA 


VcC = MAX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 
A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera- 
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqq == 5.0 V, 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 

6. The Set-Up Time "tgiH)" and Hold Time "th(L)" between the Count Enable (CE) and the Clock (CP) indicate that the LOW-to-HIGH 
transition of the CE must occur only while the Clock is HIGH for conventional operation. 
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AC CHARACTERISTICS: Ta = 25°C 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^MAX 


Max. Input Count Frequency 


25 


35 




MHz 


Fig. 1 


Vcc = 5.0 V 
Cl=15pF 


^PLH 
^PHL 


Propagation Delay, 
CP Input to Q Outputs 






24 
36 


ns 


Fig. 1 


^PLH 

¥hl 




CP Input to RC Output 






20 
24 


ns 


Fig. 2 


^PLH 
^PHL 


CP Input to TC Output 






42 
52 


ns 


Fig. 1 


^PLH* 
tpHL* 


U/ D Input to RC Output 






45 
45 


ns 


Fig. 7 


^PLH 
tpHL 


U / D Input to TC Output 






33 
33 


ns 


*PLH 
^PHL 


Pq - P3 Inputs to Qq - Q3 Outputs 






22 

50 


ns 


Fig. 3 


tpLH 

Vhl 


PL Input to Any Output 






33 
50 


ns 


Fig. 4 


¥lh* 

tpHL 


CE Input to RC Output 






33 
33 


ns 


Fig. 2 


*!t is possible to get tliese timing relationships, but they shouid not occur during nornnal operation since the CP would be HIGH. 

AC SET-UP REQUIREMENTS. T^ = 25°C 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


% 


CP Pulse Width 


20 






ns 


Fig. 1 


Vqq = 5.0 V 


tw 


PL Pulse Width 


35 






ns 


Fig. 4 


tsL 


Set-Up Time LOW, Data to pL 


20 






ns 


Fig. 6 


thL 


Hold Time LOW, Data to PL 









ns 


tsH 


Set-Up Time HIGH, Data to PL 


20 






ns 


thH 


Hold Time HIGH, Data to PL 









ns 


tree 


Recovery Time, PL to CP 


20 






ns 


Fig. 5 


tsL 


Set-Up Time LOW, CE to Clock 


20 






ns 


Fig. 8 


thL 


Hold Time LOW, CE to Clock 









ns 


DEFINITIONS OF TERMS: 

SET-UP TIME (tg) is defined as the minimum time required for the correct logic level to be present at the logic input prior to 
the clock transition from LOW-to-HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (t^) is defined as the minimum time following the clock transition from LOW-to-HIGH that the logic level must 
be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic 
level may be released prior to the clock transition from LOW-to-HIGH and still be recognized. 

RECOVERY TIME (t^g^,) is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW-to-HIGH in order to recognize and transfer HIGH data to the Q outputs. 
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FAIRCHILD# 9LS190 (54LS/74LS190)* 9LS191 (54LS/74LS191) 



AC WAVEFORMS 



CP 1.3 V- 



7^^C3^ 



i ^ > •[ — 'PHL 



\ 



-J— 1.3 V 



Fig. 1 



"^fc^ / 



\r r~ 



NOTE: PL= LOW 



Fig. 3 



£ 



'I 



\ r 



Fig. 5 



X" % . 



^ 



\ 



'\z__Jf 



Fig. 7 



\ f 



\ -f ^ 



Fig. 2 




Fig. 4 






*The shaded areas indicate when the input is permitted 
to change for predictable output performance. 

Fig. 6 



J 



^^i mmm^i 



{- \ r 






V 



Fig. 8 
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9LS192 (54LS/74LS192) • 9LS193 (54LS/74LS193) 

PRESETTABLE BCD/DECADE PRESETTABLE 4-BIT BINARY 
UP/DOWN COUNTER UP/DOWN COUNTER 



DESCRIPTION - The 9LS192 (54LS/74LS192) is an UP/DOWN BCD Decade (8421) 
Counter and the 9LS193 (54LS/74LS193} is an UP/DOWN MODULO-16 Binary 
Counter. Separate Count Up and Count Down Clocks are used and in either counting 
mode the circuits operate synchronously. The outputs change state synchronous with 
the LOW-to-HIGH transitions on the clock inputs. 

Separate Terminal Count Up and Terminal Count Down outputs are provided which are 
used as the clocks for a subsequent stages without extra logic, thus simplifying 
multistage counter designs. Individual preset inputs allow the circuits to be used as 
programmable counters. Both the Parallel Load (PL) and the Master Reset (MR) inputs 
asynchronously override the clocks. 

• LOW POWER .... 95 mW TYPICAL DSSSiPATiOM 

• HIGH SPEED ... 40 MHz TYPICAL COUISIT FREQUENCY 
« SYNCHRONOUS COUNTING 

• ASYNCHRONOUS MASTER RESET AND PARALLEL LOAD 

• INDIVIDUAL PRESET INPUTS 

• CASCADING CIRCUITRY INTERNALLY PROVIDED 

• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

• FULLY TTL AND CMOS COMPATIBLE 

PIN NAMES LOADING (Note a) 

^1 

CPy Count Up Clock Pulse Input 

CPq Count Down Clock Pulse Input 

MR Asynchronous Master Reset (Clear) Input 

PL Asynchronous Parallel Load (Active LOW) Input 

Pp Parallel Data Inputs 

Q,-, Flip-Flop Outputs (Note b) 

TCp Terminal Count Down (Borrow) Output (Note b) 

TCu Terminal Count Up (Carry) Output (Note b) 

NOTES: 

a. 1 TTL Unit Load (U.L.) =40 /lA H!GH/1.6 mA LOW 

b. The Output LOW drive factor is 2.5 U.L. for MILITARY (XM) and 5 U.L. for COMMERCiAL(XC) 
Temperature Ranges. 



HIGH 


LOW 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5(2.5) U.L. 


10 U.L. 


5(2.5) U.L. 


10 U.L. 


5(2.5) U.L. 



LOGIC SYMBOL 



11 15 1 10 9 



PL Pq Pt Po P3 



CPd TCd 

MR Qq Qi Q2 Q3 



VcC = Pin 16 
GND- Pin 8 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 



'C 


^1 




1 


16 


2H 


"1 


Pq 


3 


15 


.H 


"0 


MR 


3 


14 


^d 


CPd 


TCd 


J 


13 


^d 


CPU 


TCu 


1 


12 


^c 


Q2 


PL 


J 


11 


'C 


Q3 


?2 


1 


10 


«L 


GND 


P3 


2 


9 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 



STATE DIAGRAMS 




9LS192 LOGIC EQUATIONS 

FOR TERMINAL COUNT 



9LS193 LOGIC EQUATIONS 
FOR TERMINAL COUNT 

fc; 



TO 



-u - Qo*QrQ2"Ci3-cPu 




COUNT UP 
COUNT DOWN 



9LS193 
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FAIRCHILD • 9LS192 (54LS/74LS192) • 9LS193 (54LS/74LS193) 

LOGIC DIAGRAMS 




9LS192 



(LOAD) °i>~ 

CPU ®^. 



@: 



^m 






7r>- 







(DOWN 1 

COUNT) 

MR ®f 

(CLEAR) I 



Q" 



® 



® 





fU 



@ 



@ 




® 



® 




@ 



:i2) TCu 

(CARRY 
OUTPUT) 



@ TCd 

) (BORROW 

OUTPUT) 



© 



Vcc = P'n 16 
GND=Pm8 
O = Pin Number 



9LS193 
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FAIRCHILD • 9LS192 (54LS/74LS192) • 9LS193 (54LS/74LS193) 

FUNCTIONAL DESCRIPTION - The 9LS192 and 9LS193 are Asynchronously Presettable Decade and 4-Bit Binary 
Synchronous UP/DOWN (Reversable) Counters. The operating modes of the 9LS192 decade counter and the 9LS193 
binary counter are identical, with the only difference being the count sequences as noted in the State Diagrams. Each 
circuit contains four master/slave flip-flops, with internal gating and steering logic to provide master reset, individual 
preset, count up and count down operations. 

Each flip-flop contains JK feedback from slave to master such that a LOW-to-HIGH transition on its T input causes the 
slave, and thus the Q output to change state. Synchronous switching, as opposed to ripple counting, is achieved by driving 
the steering gates of all stages from a common Count Up line and a common Count Down line, thereby causing all state 
changes to be initiated simultaneously. A LOW-to-HIGH transition on the Count Up input will advance the count by one; 
a similar transition on the Count Down input will decrease the count by one. While counting with one clock input, the 
other should be held HIGH. Otherwise, the circuit will either count by twos or not at all, depending on the state of the first 
flip-flop, which cannot toggle as long as either Clock input is LOW. 

The Terminal Count Up (TCy) and Terminal Count Down (TCq) outputs are normally HIGH. When a circuit has reached 
the maximum count state (9_for the 9LS192, 15 for the 9LS193), the next HIGH-to-LOW transition of the Count Up Clock 
will cause TCy to go LOW. TCy will stay LOW until CPy goes HIGH again, thus effectively repeating the Count Up Clock, 
but delayed by two gate delays. Similarly, the TCq output will go LOW when the circuit is in the zero state and the Count 
Down Clock goes LOW. Since the TC outputs repeat the clock waveforms, they can be used as the clock input signals to 
the next higher order circuit in a multistage counter. 

Each circuit has an asynchronous parallel load capability permitting the counter to be preset. When the Parallel Load (PL) 
and the Master Reset (MR) inputs are LOW, information present on the Parallel Data inputs (Pq, P3) is loaded into the 
counter and appears on the outputs regardless of the conditions of the clock inputs. A HIGH signal on the Master Reset 
input will disable the preset gates, override both Clock inputs, and latch each Q output in the LOW state. If one of the Clock 
inputs is LOW during and after a reset or load operation, the next LOW-to-HIGH transition of that Clock will be interpreted 
as a legitimate signal and will be counted. 



MODE SELECT TABLE 



MR 


Fl 


CPu 


CPd 


MODE 


H 


X 


X 


X 


Reset (Asyn.) 


L 


L 


X 


X 


Preset (Asnyn.) 


L 


H 


H 


H 


No Change 


L 


H 


J 


H 


Count Up 


L 


H 


H 


' 


Count Down 



L = LOW Voltage Level 

H^HIGH Voltage Level 

X= Don't Care 

J= LOW-to-HIGH Clock Transition 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vqq Pin Potential to Ground Pin 

* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 
* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65°Cto-M50°C 

-55°Cto+125°C 

-0.5V to +7.0 V 

-0.5 V to 15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 
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FAIRCHILD • 9LS192 (54LS/74LS192) • 9LS193 (54LS/74LS193) 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (\/qq} 


TEMPERATURE 




MIN 


TYP 


MAX 


9LS 1 92XM / 54LS 1 92XM 
9LS193XM/54LS193XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS192XC/74LS192XC 
9LS193XC/ 74LS193XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc=MIN, l,|y| = -18mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc " '^"^' 'oh "" -400 TUA 


XC 


2.7 


3.4 




^IN ~ ^IH ^^ ^IL P®^ Truth Table 


VrM 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


l0L = 4.0 mA 


Vcc = MIN, V|N = V|H or 


^OL 


XC 




0.35 


0.5 


V 


IOL = 80 mA 


V|L per Truth Table 


I.I . 


Input HIGH Current 






20 


M 


Vcc - MAX, V,,^- 2.7 V 


'IH 






0.1 


mA 


Vcc = MAX, V„sj - 7.0 V 


'IL 


Input LOW Current 






-0.4 


mA 


Vcc " "^AX, V|,^ = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vqc = MAX, Vqut = V 


'cc 


Power Supply Current 




19 


34 


mA 


Vcc = MAX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 
A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, now shown in the table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera- 
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at V^-.- = 5.0 V, Tj. = 25 C, and maximum loading. 

5. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS192 (54LS/74LS192) • 9LS193 (54LS/74LS193) 



AC CHARACTERISTICS: T^ = 2£ 


>°c 




















PARAMETER 


LIMITS 


UNITS 




SYMBOL 


9LS192 


9LS193 


TEST CONDITIONS 




MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




fMAX 


Max Input Count Frequency 


30 


40 




30 


40 




MHz 


Fig. 1 




*PLH 

Vhl 


CPy Input to 
TCy Output 




10 
14 


16 
21 




10 
14 


16 
21 


ns 


Fig. 2 




Vlh 

^PHL 


CPq input to 
TCq Output 




10 
15 


16 
22 




10 
15 


16 
22 


ns 




¥lh 

^PHL 


CPy or CPp to 
Qp Outputs 




22 

18 


31 
28 




22 

18 


31 
28 


ns 


Vqq = 5.0 V 


tpLH 

Vhl 


Pq - P3 Inputs 
Qq ~ QsOutputs 














ns 


Fig. 3 


Cl=15pF 


*PLH 
*PHL 


PL Input to 
Any Output 




23 
17 


32 
25 


. 


23 
17 


32 
25 


ns 


Fig. 4 




tpHL 


MR input to Any Output 




17 


25 




17 


25 


ns 


Fig. 7 





AC SET-UP REQUIREMENTS: T^ = 25°C 


















PARAMETER 


LIMITS 


UNITS 




SYMBOL 


9LS192 


9LS193 


TEST CONDITIONS 




MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




% 


CPy Pulse Width 


17 






17 






ns 


Fig. 1 




tw 


CPq Pulse Width 


17 






17 






ns 




^W 


PL Pulse Width 


15 






15 






ns 


Fig. 4 




% 


MR Pulse Width 


15 






15 






ns 


Fig. 7 




tsL 


Set-up Time LOW, Data to Pl 


10 






10 






ns 


Fig. 6 


Vcc = 5.0V 


thL 


Hold Time LOW, Data to PL 
















ns 




tsH 


Set-up Time HIGH, Data to PL 


10 






10 






ns 




t^H 


Hold Time HIGH, Data to R_ 
















ns 




^rec 


Recovery Time, PL to CP 














ns 


Fig. 5 




Vec 


Recovery Time, MR to CP 














ns 







DEFINITIONS OF TERMS: 

SET-UP TIME (tg) is defined as the nnininnum time required for the correct logic level to be present at the logic input prior to 
the PL transistion from LOW-to-HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (t^) is defined as the minimum time following the PL transistion from LOW-to-HIGH that the logic level must 
be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic 
level may be released prior to the PL transistion from LOW-to-HIGH and still be recognized. 

RECOVERY TIME {t^Q^) is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW-to-HIGH in order to recognize and transfer HIGH data to the Q outputs. 
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FAIRCHILD • 9LS192 (54LS/74LS192) • 9LS193 (54LS/74LS193) 



AC WAVEFORMS 



CP(jorCPD 1.3 V 



,v ^—-, c 



\ 



^PHL 
1.3 V 



jf"" 



Fig. 1 



\ 



Fig. 2 





P„ /..3V \ 


Fig. 4 




■■wi/M-'m/i/iiM^-- Mk 


ts(H)-K*- ts{L)K*^ 1 


- Mm ¥A 



*The shaded areas indicate when the input is pernnitted 
to change for predictable output performance. 

Fig. 6 



■~ ^'" / 



\ 



/~ 



NOTE: PL- LOW 



Fig. 3 




"^_/ \ 



> 






Fig. 7 
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9LS194(54LS/74LS194A) 

4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 



DESCRIPTION - The 9LS194 (54LS/74LS194A) is a High Speed 4-Bit Bidirectional 
Universal Shift Register. As a high speed multifunctional sequential building block, it is 
useful in a wide variety of applications. It may be used in serial-serial, shift left, shift 
right, serial-parallel, parallel-serial, and parallel-parallel data register transfers. The 9LS194 
is similar in operation to the 9 LSI 95 Universal Shift Register, with added features of shift 
left without external connections and hold (do nothing) modes of operation. It utilizes 
the Schottky diode clamped process to achieve high speeds and is fully compatible with 
all Fairchild TTL families. 

• TYPICAL SHIFT FREQUENCY OF 40 MHz 
. ASYNCHRONOUS MASTER RESET 

• HOLD (DO NOTHING) MODE 

• FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS 
« INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

• FULLY TTL AND CMOS COMPATIBLE 



pin names 
Sq, St 

P0--P3 

DsR 

CP 
MR 
00-03 



LOADING (Note a) 



Mode Control Inputs 

Parallel Data Inputs 

Serial (Shift Right) Data input 

Serial (Shift Left) Data Input 

Clock (Active HIGH Going Edge) Input 

Master Reset (Active LOW) Input 

Parallel Outputs (Note b) 



HIGH 


LOW 


0.5 U.L. 


0.25 U.L 


0.5 U.L 


0.25 U.L 


0.5 U.L. 


0.25 U.L. 


0.5 U.L 


0.25 U.L. 


0.5 U.L 


0.25 U.L 


0.5 U.L 


0.25 U.L. 


10 U.L 


5(2.5) U.L 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 mA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for IVIilitary (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 



LOGIC SYMBOL 




2 3 4 5 6 7 

1 




9 — 


DsR Po h, P2 P3 DSL 

So 




10 — 


Si 




n — — 


MR Qo Qi Q2 Q3 






T'T'T"^ 




1 15 14 13 12 


Vcc =P'n 16 


GND = Pin 8 


CONNECTION DIAGRAM 


DIP (TOP VIEW) 


^d 


MR Vcc 


J^e 


2L 


DsR Go 


115 


3L 


Po Qi 


p4 


^L 


Pi Q2 


J 13 


^C 


P2 Q3 


J 12 


^L 


P3 CP 


J11 


'H 


DsL Si 


3^0 


sd 


GND Sq 


1^ 













LOGIC DIAGRAM 






Vqq =Pin 16 
GND = Pin 8 
O = Pin Numbers 



MR °|,>°~ 



® 



(g) 



@ 




®. 



@ 
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FAIRCHILD • 9LS194 (54LS/74LS194A) 



FUNCTIONAL DESCRIPHOIM - The Logic Diagram and Truth Table indicate the functional characteristics of the 
9LS194 4-Bit Bidirectional Shift Register. The 9 LSI 94 is similar in operation to the Fairchild 9LS195 Universal Shift 
Register when used in serial or parallel data register transfers. Some of the common features of the two devices 
are described belovv/: 

1. All data and mode control inputs are edge-triggered, responding only to the LOW to HIGH transition of the Clock (CP). 
The only timing restriction, therefore, is that the mode control and selected data Inputs must be stable one set-up time 
prior to the positive transition of the clock pulse, 

2. The register is fully synchronous, with all operations taking place in less than 15 ns (typical) making the device especially 
useful for implementing very high speed CPUs, or the memory buffer registers. 

3. The four parallel data inputs (Pq, P-j, P2, P3) are D-type inputs. When both Sq and S-j are HIGH, the data appearing on 
pQ, P-j, P2, and P3 inputs is transferred to the Qq, Qi, Q2, and Q3 outputs respectively following the next LOW to HIGH 
transition of the clock. 

4. The asynchronous Master Reset (MR), when LOW, overrides all other input conditions and forces the Q outputs LOW. 
Special logic features of the 9LS194 design which increase the range of application are described below: 

1. Two mode control inputs (Sq, S-j) determine the synchronous operation of the device. As shown in the Mode Selection 
Table, data can be entered and shifted from left to right (shift right, Qq -^ Q-j, etc.) or right to left (shift left, 03-^ Q2, 
etc.), or parallel data can be entered loading all four bits of the register simultaneously. When both Sq and S-j are LOW, 
the existing data is retained in a "do nothing" mode without restricting the HIGH to LOW clock transition. 

2. D-type serial data inputs (Dgp, D^l) are provided on both the first and last stages to allow multistage shift right or shift 
left data transfers without interfering with parallel load operation. 



MODE SELECT - TRUTH TABLE 



OPERATING MODE 


INPUTS 


OUTPUTS 


MR 


Si 


So 


DSR 


DSL 


Pn 


Qo 


Qi 


Q2 


Q3 


Reset 


L 


X 


X 


X 


X 


X 


L 


L 


L 


L 


Hold 


H 


1 


1 


X 


X 


X 


qo 


^1 


q2 


^3 


Shift Left 


H 

H 


h 

h 


1 
i 


X 
X 


1 

h 


X 
X 




q2 
^2 


^3 
^3 


L 
H 


Shift Right 


H 
H 


1 
i 


h 
h 


i 
h 


X 
X 


X 
X 


L 
H 


^0 
^0 


^1 

qi 


q2 
q2 


Parallel Load 


H 


h 


h 


X 


X 


Pn 


PO 


Pi 


P2 


P3 



L = LOW Voltage Level 
H= HIGH Voltage Lave! 
X = Don't Care 

I = LOW voltage level one set-up time prior to the LOW to HIGH clock transition 
h = HIGH voltage level one set-up time prior to the LOW to HIGH clock transition 

Pn (qn) ^ Lower case letters indicate the state of the referenced input (or output) one set-uptime prior to the 
LOW to HIGH clock transition. 



ABSOLUTE MAXIiVIUIVl RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 



^CC 



Pin Potential to Ground Pin 



* Input Voltage (dc) 

*input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (dc) (Output LOW) 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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FAIRCHILD • 9LS194 (54LS/74LS194A) 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE {Vq^) 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS1 94XM/54LS1 94AXM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS1 94XC/74LS1 94AXC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 




PARAMETER 


LIMITS 


UNITS 




SYMBOL 


MIN 


TYP 


MAX 


1 hb 1 CUNUIIiUIMb (IMote 1) 


VlH 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH 
Voltage for All Inputs 


\/.. 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW 


^IL 


XC 






0.8 


Voltage for All Inputs 


VcD 


Input Clamp Diode Volte 


jge 




-0.65 


-1.5 


V 


Vqq- MIN, 1,1^ -=-18 mA 


VOH 


Output HiGH Voltage 


XM 


2.5 


3.4 




V 


Vqq - MIN, Iqh = -400 M 


XC 


2.7 


3.4 




V|[sj = Vjj_] or Vj[_ per Truth Table 


Vol 


Output LOW Voltage 


XM.XC 




0.25 


0.4 


V 


!0L =" 4.0 mA 


Vcc=MIN, V|N = ViHor 


XC 




0.35 


0.5 


V 


Iql-" 8.0 mA 


V|j_ per Truth Table 


1, , 


Input HIGH Current 






20 


/jA 


Vqq = MAX, Vjfsj = 2.7 V 


'IH 






0.1 


mA 


Vqq- MAX, V|f^= lOV 


'IL 


Input LOW Current 






-0.4 


mA 


Vqq = MAX, V|jy| = 0.4 V 


'os 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc - MAX, Vqut - V 


'cc 


Power Supply Current 




15 


23 


mA 


Vcc - MAX 





NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified HIVllTS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqc = 5.0 V, T^ = 25° C. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ = 25°C 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^MAX 


Shift Frequency 


30 


40 




MHz 


Fig. 1 




Vlh 
Vhl 


Propagation Delay, 
Clock to Output 






22 
15 


ns 


Fig. 1 


Vqc -5.0V 

Cl^ 15 pF 


tpHL 


Propagation Delay, 
MR to Output 






18 


ns 


Fig. 2 





5-83 



FAIRCHILD • 9LS194 (54LS/74LS194A) 



AC SET-UP REQUIREMENTS: T^ = 25°C 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 






MIN 


TYP 


MAX 


TEST COivui 1 iui\o 


tw(CP) 


Clock Pulse Width 


18 


12 




ns 


Fig. 1 




tgiData) 


Set-up Time, Data to Clock 


16 






ns 


F.g. 3 




th(Data) 


Hold Time, Data to Clock 









ns 




ts(S) 


Set-up Time, Mode Control to Clock 


20 






ns 


Fig. 4 


Vcc = 5.0 V 


th(S) 


Hold Time, Mode Control to Clock 









ns 




tw<MF5) 


Master Reset Pulse Width 


12 






ns 


Fig. 2 




Vec(MR) 


Recovery Time Master Reset to Clock 


18 


12 




ns 





DEFiNITiONSOF TERMS: 

SET-UP TIME (tg) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (t|-,) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 

RECOVERY TIME (t^g^,) — is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the Q outputs. 



AC WAVEFORMS 

The shaded areas indicate when the input is permitted to change for predictable output performance. 



CLOCK TO OUTPUT DELAYS 
CLOCK PULSE WIDTH AND fmaj 



OTHER CONDITIONS: S-i = L, MR = H„ Sq = H 

Fig. 1 



MASTER RESET PULSE WIDTH, 

MASTER RESET TO OUTPUT DELAY AfSJD 

MASTER RESET TO CLOCK RECOVERY TIME 



MR ~=— ^ 






-tPHL— «-j 



1^ r 



OTHER CONDiTiONS: Sq, S-j = H 

Pq = p., = P2 := P3 = H 



Fig. 2 



SET-UP its) AND HOLD {x^} TIME FOR SERIAL 
DATA (DgR, Dsl) and PARALLEL DATA (Pq, Pi, P2, P3) 

So »(_ — __ IS SHIFT LEFT ) 



T 



\\\\\\\\\\\\ \\\\\ \m wm rw 



iii\ 



-'--aLmW" f'frA\\\\\.\\\\\\\\\\\\W 




7 V 



y~ 



OTHER CONDITIONS: MR = H 

"DgR set-up time affects Qq only 
DgL set-up time affects Q3 oniy 

Fig. 3 

SET-UP (ts) AND HOLD (t^) TIME FOR S INPUT 

/■ (STABLE TIMFJ—\ 



'""' Ww¥-1^W33B^'- 



KH 



JF~\ 






OTHER CONDITIONS: MR = H 
Fig. 4 
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9LS195 (54LS/74LS195A) 

UNIVERSAL 4-BIT SHIFT REGISTER 



DESCRIPTION - The 9LS195 (54LS/74LS195A) is a high speed 4-Bit Shift Register 
offering typical shift frequencies of 50 MHz. It is useful for a wide variety of register and 
counting applications. The 9 LSI 95 is pin and functionally identical to the 9300, 93L00, 
93H00 and 54/74195. It utilizes the Schottky diode clamped process to achieve high 
speeds and is fully compatible with all Fairchild TTL products. 

• TYPICAL SHIFT RIGHT FREQUENCY OF 50 MHz 

• ASYNCHRONOUS MASTER RESET 

• J, K INPUTS TO FIRST STAGE 

• FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS 

• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

• FULLY TTL AND CMOS COMPATIBLE 



LOADING (Note a) 



PIN NAMES 

PE" Parallel Enable (Active LOW) Input 

^0 ~ ^3 Parallel Data Inputs 

J First Stage J (Active HIGH) Input 

K First Stage K (Active LOW) Input 

CP Clock (Active HIGH Going Ed^) Input 

MR Master Reset (Active LOW) Input 

Qq - 03 Parallel Outputs (Note b) 

Q3 Complementary Last Stage Output 
(Note b) 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 M HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Connmercial (XC) 
Tennperature Ranges. 



HIGH 


LOW 


0.5 U.L. 


0.25 U.L. 


0.5 U.U 


0.25 U.L. 


0.5 U.L 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5(2.5) U.L. 


10 U.L. 


5(2.5) U.L. 



LOGIC SYMBOL 



11 



Pq Pi ?2 P3 



MR Qo Qi Q2 Q3 



mTT 

1 15 14 13 12 

Vqq = Pin 16 
GND = Pin 8 



CONNECTfON DIAGRAM 

DIP (TOP VIEW) 



1 M MR 


Vcc 


3,e 


^C 


J 


Qo 


3,5 


3Ck 


Qi 


D» 


-z 


Po 


Q2 ll3 


sq 


Pi 


Q3 


J>^ 


eC 


P2 


Q3 D" 


'C 


P3 


CP ] 10 


c 


GND 


PE D9 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 



LOGIC DIAGRAM 



PE 
®1 ® 



® 



® 



® 




® 



Vcc = Pin 16 
GND = Pin 8 
O = Pin Numbers 




Lp- 




® 



®i 
V 




^, U|>- 



@ 



d.f? 



y 



H^ 



R "DQ3 



(13) 






Q3 03 
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FAIRCHILD • 9LS195 (54LS/74LS195A) 



FUNCTIONAL DESCRIPTION - The Logic Diagram and Truth Table indicate the functional characteristics of the 9LS195 
4-Bit Shift Register. The device is useful in a wide variety of shifting, counting and storage applications. It performs serial, 
parallel, serial to parallel, or parallel to serial data transfers at very high speeds. 

The 9LS195 has two primary modes of operation, shift right (Qq "^ Q-i) and parallel load which are controlled by_the state of 
the Parallel Enable (PE) input. When the PE input is HIGH, serial data enters the first flip-flop Qq via the J and K inputs and 
is shifted one bit in the direction Qq ~^ Q-i ^ Q2^ Q3 following each LOW to HIGH clock transition. The JK inputs provide 
the flexibility of the JK type mput for special applications, and the simple D type input for general applications by tying the 
two pins togethers. When the PE input is LOW, the 9LS195 appears as four common clocked D flip-flops. The data on the 
parallel inputs Pq, P-j, P2, P3 is transferred to the respective Qq, Q-j, Q2, Q3 outputs following the LOW to HIGH clock 



transition. Shift left operation (Q3 - 
input LOW. 



' Q2) can be achieved by tying the Qp outputs to the Pn_i inputs and holding the PE 



All serial and parallel data transfers are synchronous, occuring after each LOW to HIGH clock transition. Since the 9LS195 
utilizes edge-triggering, there is no restriction on the activity of the J, K, Pp and PE inputs for logic operation —except for 
the set-up and release time requirements. 

A LOW on the asynchronous Master Reset (MR) input sets all Q outputs LOW, independent of any other input condition. 



MODE SELECT - TRUTH TABLE 



OPERATING MODES 


INPUTS 


OUTPUTS 


iviR 


PE 


J 


K 


Pn 


Qo 


Qi 


Q2 


Q3 


Q3 


Asynchronous Reset 


L 


X 


X 


X 


X 


L 


L 


L 


L 


H 


Shift, Set First Stage 


H 


h 


h 


h 


X 


H 


qo 


^1 


c\2 


q2 


Shift, Reset First Stage 


H 


h 


1 


1 


X 


L 


qo 


Ql 


q2 


q2 


Shift, Toggle First Stage 


H 


h 


h 


1 


X 


% 


^0 


^1 


^2 


q2 


Shift, Retain First Stage 


H 


h 


1 


h 


X 


^0 


qo 


Ql 


q2 


q2 


Parallel Load 


H 


1 


X 


>" 


Pn 


PO 


Pi 


P2 


P3 


P3 



L = LOW voltage levels 
H = HIGH voltage levels 
X = Don't Care 

I = LOW voltage level one set-up time prior to the LOW to HIGH clock transition, 
h = HIGH voltage level one set-up time prior to the LOW to HIGH clock transition. 

Pj^ (q^^) = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the 
LOW to HIGH clock transition. 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VqC ^'"^ Potential to Ground Pin 
* Input Voltage (dc) 
*lnput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to -K7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 Vto+10 V 

+50 mA 



GUARAIVTEED OPERATING RANGES 



PART NMMRFR*^ 


SUPPLY VOLTAGE (Vqq) 


TFMPFRATl IRF 




MIN 


TYP 


MAX 




9LS195XM/54LS195AXM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS195XC/74LS195AXC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD • 9LS195{54LS/74LS195A) 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 





PARAMETER 


LIMITS 


UNITS 








SYMBOL 


MIN 


TYP 


MAX 


1 bb 1 CUNUi 1 iUiNO ^lMOLfc; i; 




V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed input HIGH 
Voltage for All Inputs 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW 
Voltage for All Inputs 




XC 






0.8 




VcD 


Input Clamp Diode Voltage 




-0.65 


1.5 


V 


Vqq= MIN, Ij,^ = -18 mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqc-MIN, loH = -400/iA 
^IN ^ ^IH ^'^ ^IL P®^ Truth Table 




XC 


2.7 


3.4 






Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


IQL = 4.0 mA 


Vcc= MIN, V||sj - ViH 
V]|_ per Truth Table 


or 


XC 




0.35 


0.5 


V 


l0L= 8.0 mA 




1 


Input HIGH Current 






20 


^^ 


y^Q = MAX, VjN = 2.7 V 


'IH 






0.1 


mA 


Vcc = MAX, V,fg- 10 V 


!!L 


Input LOW Current 






-0.4 


mA 


Vqc = MAX, V|p^ = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc - MAX, VouT - V 


'cc 


Power Supply Current 




14 


21 


mA 


Vqq - MAX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqc = 5.0 V, Ta = 25° C. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ =- 25°C 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 






MIN 


TYP 


MAX 




^MAX 


Shift Frequency 


30 


40 




MHz 


Fig. 1 




^PLH 
tpHL 


Propagation Delay, 
Clock to Output 




14 
13 


21 

20 


ns 


Fig. 1 


Vcc = 5.0 V 
Cl= 15 pF 


¥hl 


Propagation Delay, 
MR to Output 




13 


20 


ns 


Fig. 3 





AC SET-UP REQUIREMENTS: T^ = 25°C 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 






MIN 


TYP 


MAX 




tw<CP) 


Clock Pulse Width 


16 






ns 


Fig. 1 




ts(Data) 


Set-up Time, Data to Clock 


15 


8 




ns 


Fig. 2 




th(Data) 


Hold Time, Data to Clock 





-7 




ns 


Vcc "" ^-^ V 

Cl=15pF 


tgiPE) 


Set-up Time, PE Control to Clock 


25 


18 




ns 


Fig. 4 


th(PE) 


Hold Time, PE Control to Clock 


-10 


-17 




ns 




tw(MR) 


Master Reset Pulse Width 


12 






ns 


Fig. 3 




Vec(MR) 


Recovery Time Master Reset to Clock 


25 






ns 
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FAIRCHILD • 9LS195 (54LS/74LS195A) 



SET-UP TIME (tg) is defined as the minimum time required for the correct logic level to be present at the logic input prior to 
the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (t^) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must 
be maintained at the Input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic 
level may be released prior to the clock transition from LOW to HIGH and still be recognized. 

RECOVERY TIME {tj-g^) is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH data to the Q outputs. 



ACWAVEFORIVIS 

The shaded areas indicate when the input is permitted to change for predictable output performance. 



CLOCK TO OUTPUT DELAYS 
AND CLOCK PULSE WIDTH 



SET-UP its) AIMD HOLD (th) TIME FOR SERIAL 
DATA (J & K) AND PARALLEL DATA (Pq, P^ P2. P3) 



U — iw — *^ 



/^' \ / ^ \_ 



Vhl-M 



v 



-Wh 



1, 



MWWWWWX^ /////// / \iM 



-3 ^^JMirWE^^ 



— J\x^{U -• 



y 




^ 



A. 



"V 



jT 



CONDITIONS: J^-PE = MR = H 
K- L 



CONDITIONS: MR = H 

*J and K set-up time affects Qq only 



Fig. 1 



Fig. 2 



MASTER RESET PULSE WIDTH, 

MASTER RESET TO OUTPUT DELAY AND 

MASTER RESET TO CLOCK RECOVERY TIME 



SET-UP (ts) AND HOLD (th) TIME FOR PE INPUT 



f 



1, 



f 



U--W 



d 



\: 



J 



LOAD PARALLEL DATA 



'^^-miim:-'^^ 




IZIZIZX 



[XEIE 



CONDITIONS: PE = L 



P0 = Pl=P2 = P3 = H 



CONDITIONS: MR = H _ 

*Qq state will be determined by J and K inputs 



Fig. 3 



Fig. 4 
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9LS196 (54LS/74LS196) 
9LS197 (54LS/74LS197) 

4-STAGE PRESETTABLE RIPPLE COUNTERS 



DESCRIPTION - The 9LS196 (54LS/74LS196) decade counter is partitioned into 
divide-by-two and divide-by-five sections which can be combined to count either in BCD 
(8, 4, 2, 1) sequence or in a bi-quinary mode producing a 50% duty cycle output. The 
9 LSI 97 {54LS/74LS197) contains divide-by -two and divide-by-eight sections which can 
be combined to form a modulo-16 binary counter. Low Power Schottky technology is 
used to achieve typical count rates of 70 MHz and power dissipation of only 80 mW. 

Both circuit types have a Master Reset (MR) input which overrides all other inputs and 
asynchronously forces all outputs LOW. A Parallel Load input (PL) overrides clocked 
operations and asynchronously loads the data on the Parallel Data inputs (Pp,) into the 
flip-flops. This preset feature makes the circuits usable as programmable counters. The 
circuits can also be used as 4-bit latches, loading data from the Parallel Data inputs when 
PL is LOW and storing the data when PL is HIGH. 



• LOW POWER CONSUMPTION - TYPICALLY 80 mW 

• HIGH COUNTING RATES - TYPICALLY 70 MHz 

• CHOICE OF COUNTING MODES - BCD, BI-QUINARY, BINARY 

• ASYNCHRONOUS PRESETTABLE 

• ASYNCHRONOUS MASTER RESET 

• EASY MULTISTAGE CASCADING 

• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

• FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 

CPq 

CPi 

CPi 

MR 
PL 

P0-P3 
%-^3 



LOADING (Note a) 



Clock (Active LOW Going Edge) 
Input to Divide-by-Two Section 
Clock (Active LOW Going Edge ) 
Input to Divide-by-Five Section 
Clock (Active LOW Going Edge) 
Input to Divide-by-Eight Section 
Master Reset (Active LOW) Input 
Parallel Load (Active LOW) Input 
Data Inputs 
Outputs (Notes b, c) 



HIGH 


LOW 


1.0 U.L 


1.5 U.L. 


2.0 U.L. 


1.75 U.L. 


1.0 U.L. 


1.0 U.L. 


1.0 U.L. 


0.5 U.L 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L 


10 U.L. 


5(2.5) U.L 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 mA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for iVlilitary (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 

c. In addition to loading shown, Qq can also drive CP-i . 



LOGIC SYMBOL 



^ INI 



PL Pq P^ P2 P3 



MR Qn Qi Qo O- 



iQ Ut U2 U3 



? I I I I 



VcC ^ Pi" 14 
GND = Pin 7 



CONNECTION DIAGRAM 
DIP (TOP VIEW) 






314 

J 13 

J 10 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD •9LS196 (54LS/74LS196) • 9LS197 (54LS/74LS197) 

LOGIC DIAGRAM 



MR » oC^ 

PL oL— -^ 







1 @ 



K Cq Q 



^ 



© 



K Cp 



© 



6W WWW 



,© 



;bf 



03 © 



9LS196 







© 



^ 



© 



K Cq Q 



© 



' © 



6W W 5Ki"W 



„© 



, © 



© 



.© 



© 



Vcc = Pin 14 
GND-Pin 7 
O = Pin Numbers 



9LS197 
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FAIRCHILD • 9LS196 (54LS/74LS196) • 9LS197 (54LS/74LS197) 

FUNCTIONAL DESCRIPTION - The 9LS196 and 9LS197 are asynchronously presettable decade and binary ripple 
counters. The 9LS196 Decade Counter is partitioned into divide-by-two and divide-by-five sections while the 9LS197 is 
partitioned into divide-by-two and divide-by-eight sections, with all sections having a separate Clock input. In the counting 
modes, state changes are initiated by the HIGH to LOW transition of the clock signals. State changes of the Q outputs, 
however, do not occur simultaneously because of the internal ripple delays. When using external logic to decode the Q 
outputs, designers should bear in mind that the unequal delays can lead to decoding spikes and thus a decoded signal should 
not be used as a clock or strobe. The CPq input serves the Qq flip-flop in both circuit types while the CP-j input serves the 
divide-by-five or divide-by-eight section. The Qq output is designed and specified to drive the rated fan-out plus the CP-j 
input. With the input frequency connected to CPq and with Qq driving CP-], the 9LS197 forms a straightforward module-16 
counter, with Qq the least significant output and Q3 the most significant output. 

The 9 LSI 96 Decade Counter can be connected up to operate in two different count sequences, as indicated in the tables of 
Figure 2. With the input frequency connected tojCPg and with Qq dming CP-j, the circuit counts in the BCD (8,4, 2, 1) 
sequence. With the input frequency connected to CP-] and Q3 driving CPq, Qq becomes the low frequency output and has a 
50% duty cycle waveform. Note that the maximum counting rate is reduced in the latter (bi-quinary) configuration because 
of the interstage gating delay within the divide-by-five section. 

The 9LS196 and 9LS197 have an asynchronous active LOW Master Reset input (MR) which overrides all othet^inputs and 
forces all outputs LOW. The counters are also asynchronously presettable. A LOW on the Parallel Load input (PL) overrides 
the clock inputs and loads the data from Parallel Data (Pq — P3) inputs into the flip-flops. While PL is LOW, the counters act 
as transparent latches and any change in the P^ inputs will be reflected in the outputs. 







Figure 2: 


9LS196 COUNT SEQUENCES 






DECADE (NOTE 1) 


BI-QUINARY (NOTE 2) 


COUNT 


Q3 ^2 


Ql 


Qo 


COUNT 


Qq Q3 


Q2 


Ql 





L L 


L 


L 





L L 


L 


L 


1 


L L 


L 


H 


1 


L L 


L 


H 


2 


L L 


H 


L 


2 


L L 


H 


L 


3 


L L 


H 


H 


3 


L L 


H 


H 


4 


L H 


L 


L 


4 


L H 


L 


L 


5 


L H 


L 


H 


5 


H L 


L 


L 


6 


L H 


H 


L 


6 


H L 


L 


H 


7 


L H 


H 


H 


7 


H L 


H 


L 


8 


H L 


L 


L 


8 


H L 


H 


H 


9 


H L 


L 


H 


9 


H H 


L 


L 



NOTES: 

1 . Signal applied to CPq, Qq connected to CP-] . 

2. Signal applied to CPf , Q3 connected to CPq. 



MODE SELECT TABLE 



INPUTS 


RESPONSE 


MR 


PL 


CP 


L 
H 
H 


X 

L 
H 


X 
X 


Reset (Clear) 

Parallel Load 

Count 



H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

1_ = HIGH to Low Clock Transition 
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FAIRCHILD • 9LS196 (54LS/74LS196) • 9LS197 (54LS/74LS197) 



ABSOLUTE MAXIMUM RATINGS (above which the useful life nnay be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vqq Pin Potential to Ground Pin 

* input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs {Output HIGH) 
Output Current (dc) (Output LOW) 
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



~65°Cto+150''C 

-55°C to +125^0 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATJNG RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (V^c) 


TEMPERATURE 




MIN 


TYP 


MAX 


9LS196XM/54LS196XM 
9LS197XM/54LS197XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto +125°C 


9LS196XC/74LS196XC 
9LS197XC/74LS197XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 




PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 




MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


V.I 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


V|L 


XC 






0.8 


for All inputs 


VcD 


input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc==MiN, l|,vj--18mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqc = MIN, Iqh = -400 M 


XC 


2.7 


3.4 




V||^ = Vj|_j or Vj|_ per Truth Table 


V/-X, 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql = 4.0 mA 


Vcc =^ MIN, V||M - V|H or 


^OL 


XC 




0.35 


0.5 


V 


IqL = 8.0 mA 


ViL per Truth Table 


l,H 


input HiGH Current 

PL, Pq, Pv P2, P3 
MR, CPq, CP-, (LSI 97) 
CPt (LSI 96) 






20 
40 
80 


/iA 


Vcc - MAX, V,^ = 2.7 V 




PL, Po, Pi,f^,f^ 
MR, CPq, CP-, (LSI 97) 
CP-, (LSI 96) 






0.1 
0.2 
0.4 


mA 


Vcc = MAX, V„yj= 10 V 


'IL 


Input LOW Current 

PL, Pq, Pi,P2, P3 
MR 

CPo 

CP-i (LSI 96) 

CPt (LSI 97) 






-0.36 

-0.72 

2.4 

-2.8 

-1.3 


mA 


Vcc ^ I^AX, V|p^ - 0.4 V 


«0S 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc = MAX,VouT-OV 


•cc 


Power Supply Current 




12 


20 


mA 


Vcc = ^^^ 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, IVlountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqq = 5.0 V, T^ = 25° C. 

5. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS196 (54LS/74LS196) • 9LS197 (54LS/74LS197) 



AC CHARACTERISTICS: Ta = 


25°C 




















PARAMETER 


LIMITS 


UNITS 




SYMBOL 


9LS196 


9LS197 


TEST CONDITIONS 




MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




'max 


Input Count Frequency 


45 


60 




50 


75 




MHz 


Fig. 1 




Vlh 

tpHL 


CpQ Input to 
Qq Output 




8.0 
8.0 


12 
12 




8.0 
8.0 


12 
12 


ns 


Fig. 1 




^PLH 
^PHL 


CP^ Input to 
Q-j Output 




9.0 
9.0 


14 
14 




9.0 
9.0 


14 
14 


ns 




^PLH 

Vhl 


CF^ Input to 
Q2 Output 




23 
21 


34 
32 




26 
23 


36 
34 


ns 


Vqc = 5.0 V 


^PLH 
^PHL 


CP"-] Input to 
Q3 Output 




12 
12 


18 
18 




35 
38 


50 
55 


ns 


Cl=15pF 


^PHL 


pQ, P-|, P2, P3 inputs 
Qq, Qv 02' Q3 Outputs 




10 
24 


15 
35 




10 
24 


15 
35 


ns 


Fig. 2 




¥lh 

tpHL 


PL Input to 
Any Output 




15 

24 


24 
35 




15 
24 


24 
35 


ns 


Fig- 3 




Vhl 


MR Input to Any Output 




26 


37 




26 


37 


ns 


Fig. 4 





AC SET-UP REQUIREMENTS: T^ 


= 25°C 




















PARAMETER 


LIMITS 


UNITS 




SYMBOL 


9LS196 


9LS197 


TEST CONDITIONS 




MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




% 


CPq Pulse Width 


12 






10 






ns 


Fig. 1 




tw 


CP"t Pulse Width 


24 






20 






ns 




% 


PL Pulse Width 


18 






18 






ns 


Fig. 3 




tw 


MR Pulse Width 


12 






12 






ns 


Fig. 4 




t,L 


Set-up Time LOW Data to PL 


12 






12 






ns 


Fig. 5 


Vqc = 5.0 V 


thL 


Hold Time LOW Data to PL 


6.0 






6.0 






ns 




tgH 


Set-up Time HIGH Data to PL 


8.0 






8.0 






ns 




thH 


Hold Time HIGH Data to PL 
















ns 




tree 


Recovery Time PL to CP 


16 






16 






ns 


Fig. 4 




tree 


Recovery Time MR to CP 


18 






18 






ns 





DEFINITIONS OF TERMS: 

SET-UP TIME (tg) - is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

HOLD TIME (t^) — is defined as the minimum time following the clock transition from HIGH to LOW that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from HIGH to LOW and still be recognized. 

RECOVERY TIME (t^g^,) — is defined as the minimum time required between the end of the reset pulse and the clock 
transition from HIGH to LOW in order to recognize and transfer LOW Data to the Q outputs. 
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FAIRCHILD • 9LS196 (54LS/74LS196) • 9LS197 (54LS/74LS197) 



AC WAVEFORMS 



^ t \ 

|V-_____/U %(H) H\. 



\^ 






Fig. 1 



'■^e_^ 



l- <»| Vhl 



T~ 



NOTE: PL - LOW 



Fig. 2 



OR MR -Nr- —jf-- 1 



51 



\" / " 



Fig. 4 



-J 


^ 


_-^-> 


"% / 


■"- '-'" \__7r 


H ■< >• — VhL 


/■'-3V >^ 



Fig. 3 






*The shaded areas indicate when the input is permitted 
to change for predictable output performance. 



Fig. 5 
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9LS251 (54LS/74LS251) 

8-INPUT MULTIPLEXER WITH 3-STATE OUTPUTS 



DESCRIPTION - The TTL/MSI 9LS251 (54LS251/74LS251) is a high speed 8-lnput 
Digital iVIultiplexer. It provides, in one package, the ability to select one bit of data from 
up to eight sources. The 9LS251 can be used as a universal function generator to generate 
any logic function of four variables. Both assertion and negation outputs are provided. 



SCHOTTKY PROCESS FOR HIGH SPEED 

MULTIFUNCTION CAPABILITY 

ON-CHIP SELECT LOGIC DECODING 

INVERTING AND NON-INVERTING 3-STATE OUTPUTS 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 




S0-S2 
'0-'7 

z 

z 


Select Inputs 

Output Enable (Active LOW) Input 
Multiplexer Inputs 
Multiplexer Output (Note b) 
Complementary Multiplexer Output 
(Note b) 



LOADING (Note a) 



HIGH 


LOW 


0.5 U.L 


0.25 U.L. 


0.5 U.L. 


0.25 U.L 


0.5 U.L. 


0.25 U.L 


65(25) U.L 


5 (2.5) U.L 


65(25) U.L. 


5(2.5) U.L 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 mA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commerciai (XC) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military (XM) and 65 U.L. for 
Commercial (XC) Temperature Ranges. 



LOGIC SYMBOL 



7 4 3 2 1 15 14 13 12 



'2 '3 '4 '5 '6 V 



TT 



Vcc = Pin 16 
GND = Pin 8 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 



■L 


'3 


^cc I16 


'L 


'2 


u:3i5 


^C 


'1 


15 3^^ 


'L 


'0 


'6 3^3 


= L 


z 


'7 Jl2 


aH 


z 


So Jm 


d 


Eo 


s, ]io 


^L 


GND 


S2 Us 



NOTE: 

The Flatpak version has the same 
pinouts {Connection Diagram) as the 
Dual In-Line Pacl<age. 



LOGIC DIAGRAM 



® 



@ 



-t>- 



?© 



® 



© 



-t>- 



-0- 



->- 



© 



© 



© 



■® 



© 



@ 



'© 



Vcc =Pin 16 
GND = Pin 8 
O = Pin Numbers 
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FAIRCHILD • 9LS251 (54LS/74LS251) 



FUNCTIONAL DESCRIPTION - The 9LS251 is a logical implementation of a single pole, 8-position switch with the switch 
position controlled by_the state of three Select inputs, Sg, S-j, $2- Both assertion and negation outputs are provided. The 
Output Enable input (Eq) is active LOW. When it is activated, the logic function provided at the output is: 

Z = Eo* ('0*^0*^1 '^2 "*"' 1*^0*^1*^2 "*" '2"^0'^1*^2 "*" '3*^0*^1 *^2 "*" 
U'^o'Si •S2 + l5-So-Si -52 + le'So'S-i -52 + lySo'Si •S2). 

When the Output Enable is HIGH, both outputs are in the high impedance (high Z) state. This feature allows multiplexer 
expansion by tying the outputs of up to 128 devices together. When the outputs of the 3-state devices are tied together, all 
but one device must be in the high impedance state to avoid high currents that would exceed the maximum ratings. The 
Output Enable signals should be designed to ensure there is no overlap in the active LOW portion of the enable voltages. 













TRUTH TABLE 












Eq 


S2 


Si 


So 


•0 


h I2 I3 I4 


I5 


'6 


'7 


z 


Z 


H 


X 


X 


X 


X 


X X X X 


X 


X 


X 


(Z) 


(Z) 


L 


L 


L 


L 


L 


X X X X 


X 


X 


X 


H 


L 


L 


L 


L 


L 


H 


X X X X 


X 


X 


X 


L 


H 


L 


L 


L 


H 


X 


L X X X 


X 


X 


X 


H 


L 


L 


L 


L 


H 


X 


H X X X 


X 


X 


X 


L 


H 


L 


L 


H 


L 


X 


X L X X 


X 


X 


X 


H 


L 


L 


L 


H 


L 


X 


X H X X 


X 


X 


X 


L 


H 


L 


L 


H 


H 


X 


X X L X 


X 


X 


X 


H 


L 


L 


L 


H 


H 


X 


X X H X 


X 


X 


X 


L 


H 


L 


H 


L 


L 


X 


X X X L 


X 


X 


X 


H 


L 


L 


H 


L 


L 


X 


X X X H 


X 


X 


X 


L 


H 


L 


H 


L 


H 


X 


X X X X 


L 


X 


X 


H 


L 


L 


H 


L 


H 


X 


X X X X 


H 


X 


X 


L 


H 


L 


H 


H 


L 


X 


X X X X 


X 


L 


X 


H 


L 


L 


H 


H 


L 


X 


X X X X 


X 


H 


X 


L 


H 


L 


H 


H 


H 


X 


X X X X 


X 


X 


L 


H 


L 


L 


H 


H 


H 


X 


X X X X 


X 


X 


H 


L 


H 



H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

(Z) = High Impedance (Off) 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Vqq Pin Potential to Ground Pin 

*lnput Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (dc) (Output LOW) 
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (V^c) 


TCIWippDAJI JOp 




MIN 


TYP 


MAX 




9LS251XM/54LS251XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS251XC/74LS251XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD • 9LS251 (54LS/74LS251) 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


ViL 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqq- MIN, Ij,^ == -18 mA 


Vqh 


Output HIGH Voltage 


XM 


2.4 


3.4 




V 


IqH = -1.0 mA 


Vcc=MIN,V,r^ = V,Hor 


XC 


2.4 


3.1 




V 


'OH = 2.6 mA 


V|L per Truth Table 


Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql = 4.0 mA 


Vcc = MIN, V|M = VjH or 


XC 




0.35 


0.5 


V 


'OL -' 80 ^A 


V|L per Truth Table 


'OZH 


Output Off Current HIGH 






20 


M 


Vcc ^ MAX, Vqut = 2.7 V, V^ - 2.0 V 


'OZL 


Output Off Current LOW 






-20 


M 


Vqq = MAX, Vqut = 0.4 V, Vf = 2.0 V 


1 


Input HIGH Current 




1.0 


20 


fjA 


Vqc = MAX, V,,^ = 2.7 V 


hn 




0.1 


mA 


Vqc= MAX, V,f^= 10 V 


'IL 


Input LOW Current 






-0.4 


mA 


Vqc = MAX, V,f^ - 0.4 V 


'sc 


Output Short Circuit 
Current (Note 5) 





-15 


6.1 


-100 
10 


mA 


Vcc = MAX, Vqut- ov 




Power Supply Current, 
Outputs LOW 


mA 


Vqc = MAX, Vjjvj = 4.5 V, V§= V 


'cc 


Power Supply Current, 
Outputs Off 




7.1 


12 


mA 


Vqq = MAX, V,fg - 4.5 V, Vg = 4.5 V 



NOTES: 

1 . The actual testing procedures used to guarantee the Electricai Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchiid Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqq = 5.0 V, T^ == 25° C. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: Ta 


= 25°C 












SYMBOL PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 
tpHL 


Propagation Delay, 
Select to Z Output 




11 
23 


20 
33 


ns 


Fig. 1 




tpLH 
^PHL 


Propagation Delay, 
Select to Z Output 




30 
18 


45 
30 


ns 


Fig. 2 


V(^C=5.0V 


^PLH 

¥hl 


Propagation Delay, 
Data to Z Output 




7.0 
10 


12 
15 


ns 


Fig. 1 


Cl= 15 pF 


^PLH 

¥hl 


Propagation Delay, 
Data to Z Output 




18 
15 


27 
23 


ns 


Fig. 2 




tpZH 


Output Enable Time 
to HIGH Level 




12 


20 


ns 


Figs. 4, 5 


Cl=15pF 


^PZL 


Output Enable Time 
to LOW Level 




17 


25 


ns 


Figs. 3, 5 


R[_ = 2 kO 


^PLZ 


Output Disable Time 
from LOW Level 




12 


20 


ns 


Figs. 3, 5 


Cl - 5 pF 


^PHZ 


Output Disable Time 
from HIGH Level 




17 


25 


ns 


Figs. 4, 5 


Rl = 2 kQ 
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FAIRCHILD • 9LS251 (54LS/74LS251) 



3-STATE AC WAVEFORMS 



"' ^'" / 



tF ICl 



V|N -J^1.3V -^C. 



-^r-1.3V _^L-i3v 



Fig. 1 



Fig. 2 



^"^' - . Jf 



U 



•^Ic-^; / 



y e j ^— i- >Vo^ 

^ ' — 0.5 V 



Fig. 3 



Fig. 4 



AC LOAD CIRCUIT 



SWITCH POSITIONS 



SYMBOL 


SW1 


SW2 


tPZH 


Open 


Closed 


tPZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



4<H->H>H>h 



* Includes Jig and Probe Capacitance. 



Fig. 5 
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9LS253 (54LS/74LS253) 

DUAL 4-INPUT MULTIPLEXER 
WITH 3-STATE OUTPUTS 



DESCRIPTION - The LSTTL/MSI 9LS253 (54LS/74LS253) is a Dual 4-lnput 
Multiplexer with 3-state outputs. It can select two bits of data from four sources using 
common select inputs. The outputs may be individually switched to a high impedance 
state with a HIGH on the respective Output Enable (Eq) inputs, allowing the outputs to 
interface directly with bus oriented systems. It is fabricated with the Schottky barrier 
diode process for high speed and is completely compatible with all Fairchild 
TTL families. 

• SCHOTTKY PROCESS FOR HIGH SPEED 

• MULTIFUNCTION CAPABILITY 

• NON-INVERTING 3-STATE OUTPUTS 

® INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

• FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 




So, Si 


Common Select Inputs 


Multiplexer A 

Eoa 

^Oa - '3a 

Za 


Output Enable (Active LOW) Input 
Multiplexer Inputs 
Multiplexer Output (Note b) 


Multiplexer B 





LOADING (Note a) 


HIGH 


LOW 


0.5 U.L 


0.25 U.L. 


0.5 U.L 


0.25 U.L 


0.5 U.L. 


0.25 U.L 


65(25) U.L 


5(2.5) U.L 


0.5 U.L * 


0.25 U.L 


0.5 U.L 


0.25 U.L. 


65(25) U.L 


5(2.5) U.L 



Eq|3 Output Enable (Active LOW) Input 

'Ob " 'Sb Multiplexer Inputs 

Zj3 Multiplexer Output (Note b) 

NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 mA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military and 65 U.L. for 
Commercial Temperature Ranges. 



LOGIC DIAGRAM 



EOb 'Sb '2b 



i© 

V 



® 



@ 



© 



H h 




© 



© 



® 



© i© 
V 



VcC == Pin 16 
GND = Pin 8 
O = Pin Numbers 




LOGIC SYMBOL 



10 11 I? 13 



EOa 'na ha 'Sa '3a 'Ob hb l2b 'Sh ^Ob 



Vcc = Pin 16 
GND = Pin 8 



CONNECTION DIAGRAM 
DIP (TOP VIEW) 




NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS253 (54LS/74LS253) 



FUNCTIONAL DESCRIPTION - The 9LS253 contains two identical 4-lnput Multiplexers with 3-state outputs. They select 
two bits_fronri^ four sources selected by common select inputs (Sq, S-i). The 4-input multiplexers have individual Output 
Enable (Egg, Eqj^) inputs which when HIGH, forces the outputs to a high impedance (high Z) state. 

The 9LS253 is the logic implementation of a 2-pole, 4-position switch, where the position of the switch is determined by the 
logic levels supplied to the two select inputs. The logic equations for the outputs are shown below: 

^a " ^Oa * <'0a " ^i * Sq + lig * S-, • Sq + l2a * ^i • Sq + 133 * S^ • Sq) 
^b^^Ob * <^0b " ^1 •^Q + lib • S-} • So + l2b ' ^^ '20+ 135 • S-; • Sq) 

If the outputs of 3-state devices are tied together, all but one device must be in the high impedance state to avoid high 
currents that would exceed the maximum ratings. Designers should ensure that Output Enable signals to 3-state devices whose 
outputs are tied together are designed so that there is no overlap. 







TRUTH TABLE 






SELECT 
INPUTS 


DATA INPUTS 


OUTPUT 
ENABLE 


OUTPUT 


So Si 


lO 


'1 "2 -»3 


EO 


Z 


X X 


X 


XXX 


H 


(Z) 


L L 


L 


XXX 


L 


L 


L L 


H 


XXX 


L 


H 


H L 


X 


L X X 


L 


L 


H L 


X 


H X X 


L 


H 


L H 


X 


X L X 


L 


L 


L H 


X 


X H X 


L 


H 


H H 


X 


XXL 


L 


L 


H H 


X 


X X H 


L 


H 



H = HIGH Level 

L = LOW Level 

X = Irrelevant 

(Z) == High Impedance (off) 

Address inputs Sq and S-] are common to both sections. 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

yQQ Pin Potential to Ground Pin 

*lnput Voltage (dc) 

*lnput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (dc) (Output LOW) 
* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 Cto+150°C 

-55''Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 








PART NUMBERS 


SUPPLY VOLTAGE (Vqq) 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS253XM /54LS253XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS253XC/74LS253XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD • 9LS253 (54LS/74LS253) 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


VqC^ MIN, l||vj =-18 mA 


VOH 


Output HIGH Voltage 


XM 


2.4 


3.4 




V 


IOH = -10mA 


V^c = MIN, V,N = V|H or 


XC 


2.4 


3.1 




'OH = -2.6 mA 


V||_ per Truth Table 


Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql^ 4.0 mA 


Vcc = MIN, V|N = V|H or 


XC 




0.35 


0.5 


V 


l0L= 8.0 mA 


V|L per Truth Table 


'OZH 


Output Off Current HIGH 






20 


/iA 


Vqc = MAX, Vqut == 2.7 V, V^ = 2.0 V 


'OZL 


Output Off Current LOW 






-20 


M 


Vcc = MAX, Vqut = 0.4 V, Ve = 2.0 V 




input HIGH Current 






20 


fjA 


Vqq = MAX, V„yj = 2.7 V 


'iH 






0.1 


mA 


Vcc = MAX, V,fg= 10 V 


'iL 


Input LOW Current 






-0.36 


mA 


Vqc = MAX, V|M = 0.4 V 


'sc 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc = MAX,VouT = OV 




Power Supply Current, 
Outputs LOW 




7.0 


12 


mA 


Vqc = MAX, V,|sj = V, V§ = V 


'cc 


Power Supply Current, 
Outputs Off 




8.5 


14 


Vqc = MAX, V^^ = V, V§ = 4.5 V 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqq = 5.0 V, 25° C, and maximum loading. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: Ta 


= 25°C (See Page 5-98 for Waveforms 








SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


^PLH 
tpHL 


Propagation Delay, 
Data to Output 




10 
10 


15 

15 


ns 


Fig. 1 


C|_= 15 pF 


tpLH 
^PHL 


Propagation Delay, 
Select to Output 




20 
16 


29 

24 


ns 


Fig. 1 


Cl- 15 pF 


^PZH 


Output Enable Time 
to HIGH Level 




12 


18 


ns 


Figs. 4, 5 


Cl=15pF 


^PZL 


Output Enable Time 
to LOW Level 




11 


18 


ns 


Figs. 3, 5 


Rl = 2 kO 


^PLZ 


Output Disable Time 
from LOW Level 




22 


32 


ns 


Figs. 3, 5 


Cl-5pF 


tpHZ 


Output Disable Time 
from HIGH Level 




11 


18 


ns 


Figs. 4, 5 


Rl = 2 kQ 
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9LS257 (54LS/74LS257) 

QUAD 2-INPUT MULTIPLEXER 
WITH 3-STATE OUTPUTS 



DESCRIPTION - The LSTTL/MSI 9LS257 (54LS/75LS257) is a Quad 2-lnput 
Multiplexer with 3-state outputs. Four bits of data from two sources can be selected using 
a Common Data Select input. The four outputs present the selected data in true 
(non-inverted) form. The outputs may be^ switched to a high impedance state with a 
HIGH on the common Output Enable (Eq) Input, allowing the outputs to interface 
directly with bus oriented systems. It is fabricated with the Schottky barrier diode 
process for high speed and is completely compatible with all Fairchild TTL families. 

• SCHOTTKY PROCESS FOR HIGHSPEED 

• MULTIPLEXER EXPANSION BY TYING OUTPUTS TOGETHER 

• NON-INVERTING 3-STATE OUTPUTS 

• INPUT CLAiVIP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

• FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 



Oa - 'Od 



Id 



ha- 



Common Data Select input 
Output Enable (Active LOW) Input 
Data Inputs from Source 
Data Inputs from Source 1 
Multiplexer Outputs (Note b) 



LOADING (Note a) 


HIGH 


LOW 


1.0 U.L. 


0.5 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


65(25) U.L. 


5 (2.5) U.L. 



NOTES: 

a. 1 TTL Unit Load (U.L.) - 40 mA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military (XM) and 65 U.L. for 
Commercial (XC) Temperature Ranges. 



LOGIC DIAGRAM 



,. 



© 



© 



© 



© 



® 



© 



© 




nonooooo 



n ^ ^ L^ 



Vcc = Pin 16 
GND-Pin 8 
O = Pin Numbers 











@ 



© 



LOGIC SYMBOL 



15 2 3 5 6 14 13 11 10 



Eq 'Oa 'la 'Ob 'lb 'Oc 'lc 'Od 'id 



Z. Z. 7 Zh 



7 12 9 



Vcc -" Pin 16 
GND = Pin 8 



CONNECTION DIAGRAM 
DIP (TOP VIEW) 



iL 


s 


Vcc 


116 


^L 


'Oa 


EO 


Jl5 


3[: 


'id 


'Oc 


1^^ 


■c 


Zy 


'lc 


113 


^L 


'ob 


Zj, 


J12 


6L 


'lb 


'Od 


D11 


^L 


^b 


'id 


J 10 


sq 


GND 


Zd 


H^ 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS257 (54LS/74LS257) 



FUNCTIONAL DESCRIPTION - The 9LS257 is a Quad 2-lnput Multiplexer with 3-state outputs. It selects four bits of data 
from two sources under control of a Common Data Select Input. When the Select Input is LOW, the Iq inputs are selected 
and when Select is HIGH, the I-] inputs are selected. The data on the selected inputs appears at the outputs in true (non- 
inverted) form. 

The 9LS257 is the logic implementation of a 4-pole, 2-position switch where the position of the switch is determined by the 
logic levels supplied to the Select Input. The logic equations for the outputs are shown below: 



Zc=Eo-(lic-S+loc-S) 



Zb = Eo-(lib-S + lob-S) 
Zd = Eo-(lld-S + lod-S) 



When the Output Enable Input (Eq) is HIGH, the outputs are forced to a high impedance "off" state. If the outputs are tied 
together, all but one device must be in the high impedance state to avoid high currents that would exceed the maximum 
ratings. Designers should ensure that Output Enable signals to 3-state devices whose outputs are tied together are designed so 
there is no overlap. 





TRUTH TABLE 




OUTPUT 


SELECT 


DATA 


OUTPUTS 


ENABLE 


INPUT 


INPUTS 


Eo 


S 


«o h 


Z 


H 


X 


X X 


(Z) 


L 


H 


X L 


L 


L 


H 


X H 


H 


L 


L 


L X 


L 


L 


L 


H X 


H 



H - HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

(Z) = High impedance (off) 



■ 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vqq Pin Potential to Ground Pin 

* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLYVOLTAGE (Vqc) 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS257XM /54LS257XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS257XC/74LS257XC 


4.75 V 


5.0 V 


5.25 V 


0°Cto+75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAiRCHILD • 9LS257 (54LS/74LS257) 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 




PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


oYIVIdUL 


MIN 


TYP 


MAX 


VlH 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


\/.. 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


^IL 


XC 






0.8 


for All Inputs 


VcD 


input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, 1,,^ =-18mA 


\/^, , 


Output HIGH Voltage 


XM 


2.4 


3.4 




V 


IOH=-1-0mA 


Vcc = MIN, V,N - V,H or 


^OH 


XC 


2.4 


3.1 




V 


"OH = -2.6 mA 


VjL per Truth Table 


V^i 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql = 4.0 mA 


Vcc = MIN, Viisi = V|H or 


^OL 


XC 




0.35 


0.5 


V 


Iql == 8.0 mA 


V|L per Truth Table 


'OZH 


Output Off Current HIGH 






20 


^A 


V^c = MAX, Vqut = 2.4 V, Vg = 2.0 V 


'OZL 


Output Off Current LOW 






-20 


M 


Vcc == MAX, Vqut = 0-4 V, Vg - 2.0 V 


'IH 


Input HIGH Current 

^0' 'Ox' hx 
S 






20 
40 


//A 


Vqc = MAX, V,p^ - 2.7 V 


input HIGH Current at MAX 
Input Voltage 

% 'Ox' hx 
S 






0.1 
0.2 


mA 


Vc(. = MAX, V|,^J= 10 V 


'IL 


input LOW Current 

% 'Ox' hx 
S 






-0.4 
-0.8 


mA 


VcC " ^^^- V|N = 0-4 V 


'os 


Output Short Circuit 
Current (Note 5} 


-^15 




-100 


mA 


Vcc = MAX,VouT = OV 




Power Supply Current, Outputs HIGH 






10 


mA 


Vqq = MAX, V|,vj = 4.5 V, V^ = V 


'cc 


Power Supply Current, Outputs LOW 






16 


^CC " '^^^' V||vj = V, V^ = V 




Power Supply Current, Outputs OFF 






17 


V^c = MAX, V„sj = V, Vg = 4.5 V 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at V^q = 5.0 V, 25° C, and maximum loading. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ = 25^C, Vcc "" ^ ^ V (See Page 5-98 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 






MIN 


TYP 


MAX 




^PLH 
^PHL 


Propagation Delay, Data to Output 






18 
14 


ns 


Fig. 1 


Cl= 15pF 


tpLH 
^PHL 


Propagation Delay, Select to Output 






21 
21 


ns 


Fig. 1 


Cl= 15pF 


tpZH 


Output Enable Time to HIGH Level 






28 


ns 


Figs. 4, 5 


Cl= 15 pF 


^PZL 


Output Enable Time to LOW Level 






24 


ns 


Figs. 3, 5 


Rl = 2 kO 


^PLZ 


Output Disable Time from LOW Level 






22 


ns 


Figs. 3, 5 


Cl= 5.0 pF 


tpHZ 


Output Disable Time from HIGH Level 






14 


ns 


Figs. 4, 5 


Rl = 2 kO 
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9LS258 (54LS/74LS258) 

QUAD 2-INPUT MULTIPLEXER 
WITH 3-STATE OUTPUTS 



DESCRIPTION - The LSTTL/MSI 9LS258 (54LS/75LS258) is a Quad 2-lnput 
Multiplexer with 3-state outputs. Four bits of data from two sources can be selected using 
a common data select input. The four outputs present the selected data in the 
complement (inverted) form. The outputs may be_switched to a high impedance state 
with a HIGH on the common Output Enable (Eq) Input, allowing the outputs to 
interface directly with bus oriented systems. It is fabricated with the Schottky barrier 
diode process for high speed and is completely compatible with all Fairchild TTL 
families. 



SCHOTTKY PROCESS FOR HIGH SPEED 

MULTIPLEXER EXPANSION BY TYING OUTPUTS TOGETHER 

INVERTING 3-STATE OUTPUTS 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 




S 


Common Select Input 


Eq 


Output Enable (Active LOW) Input 


'Oa - 'Od 


Data Inputs from Source 


ha- hd 


Data Inputs from Source 1 


Za-Zd 


Multiplexer Outputs (Note b) 



LOADING (Note a 


HIGH 


LOW 


1.0 U.L. 


0.5 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


65(25) U.L. 


5(2.5) U.L 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 mA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military (XM) and 65 U.L. for 
Commercial (XC) Temperature Ranges. 



LOGIC DIAGRAM 



© 



© 



© 



'Ob Mb 'Oc 



ll.. I, 



Od 'id 



© 



© 



® 



® 



© 



?MMm 




d 



Vcc = Pin 16 
GND = Pin 8 
O = Pin Numbers 



© 









LOGIC SYMBOL 



2 3 5 6 14 13 11 10 



'^O 'Oa 'la 'Ob 



2. Zh Z, Zh 



4 7 12 9 



Vqc = Pin 16 
GND-Pin 8 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 



^L 


s " 


-^vec 


D-.6 


'Q 


iQa 


Eq 


3'=. 


3C 


'la 


'Oc 


J 14 


'M 


~a 


he 


3,3 


^L 


'Ob 


z; 


D" 


bH 


lib 


'Od 


3" 


^d 


~b 


hd 


Uio 


bL 


GIMD 


Zd 


J^ 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS258 (54LS/74LS258) 



FUNCTIONAL DESCRIPTION - The 9LS258 is a Quad 2-input Multiplexer witii 3-state outputs. It selects four bits of data 
from two sources under control of a common Select Input (S). When the Select Input is LOW, the Iq inputs are selected and 
when Select is HIGH, the l-j inputs are selected. The data on the selected inputs appears at the outputs in inverted form. 

The 9LS258 Quad 2-lnput Multiplexer is the logic implementatioh of a 4-pole, 2-position switch where the position of the 
switch is determined by the logic levels supplied to the Select Input. The logic equations for the outputs are shown below: 



• (I 



la 



S + loa • S 



(llc-S+!oc*S) 



Zb = Eo-(hb-S+lob-S) 

Zd^Eo- did-s+iod-s) 



When the Output Enable Input (Eq) is HIGH, the outputs are forced to a high impedance "off " state. If the outputs of the 
3-state devices are tied together, all but one device must be in the high impedance state to avoid high currents that would 
exceed the maximum ratings. Designers should ensure that Output Enable signals to 3-state devices whose outputs are tied 
together are designed so there is no overlap. 





TRUTH TABLE 




OUTPUT 


SELECT 


DATA 


OUTPUTS 


ENABLE 


INPUT 


INPUTS 


Eo 


s 


lo h 


"z 


H 


X 


X X 


(Z) 


L 


H 


X L 


H 


L 


H 


X H 


L 


L 


L 


L X 


H 


L 


L 


H X 


L 



H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

(Z) = High Impedance (Off) 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Vqq Pin Potential to Ground Pin 

* Input Voltage (dc) 

*lnput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (dc) (Output LOW) 
* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to -f-1 50 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (Vqq) 


TEMPERATURE 


MIN 


TYP 


MAX 


9LS258XIV1 /54LS258XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS258XC/74LS258XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD • 9LS258 (54LS/74LS258) 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


VlH 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


Vii 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


^IL 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vqc^MIN, l|,yj = -18mA 


VOH 


Output HIGH Voltage 


XM 


2.4 


3.4 




V 
V 


IOH = -10mA 


Vcc " MIN, V||vj = V|H or 


XC 


2.4 


3.1 




Iqh = -2.6 mA 


V|L per Truth Table 


V/-M 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 
V 


Iql^^O mA 


Vcc^MIN, V|N-V|Hor 


VQL 


XC 




0.35 


0.5 


Iql = 8.0 mA 


VjL per Truth Table 


'OZH 


Output Off Current HIGH 






20 


fjA 


Vcc = MAX, Vqut = 2.4 V, V| = 2.0 V 


'OZL 


Output Off Current LOW 






-20 


fjA 


Vcc = MAX, Vqut = ^-^ v, Vf = 2.0 v 


'IH 


Input HIGH Current 

^0' 'Ox' Hx 
S 






20 
40 


M 


Vcc = MAX, V,„j = 2.7 V 


Input HIGH Current at MAX 
Input Voltage 

^0' 'Ox' hx 
S 






0.1 
0.2 


mA 


Vcc = MAX, V|^- 10 V 


'IL 


Input LOW Current 

% 'Ox' hx 
S 






-0.4 
-0.8 


mA 


Vcc ^ MAX, V|p^ = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vqc = MAX, Vqut = V 




Power Supply Current, Outputs HIGH 






9.0 


mA 


Vcc " MAX, V,|^ = V, V| - V 


'cc 


Power Supply Current, Outputs LOW 






11 


mA 


Vcc " MAX, V|p^ = 4.5 V, Vf = V 




Power Supply Current, Outputs OFF 






12 


mA 


Vcc " MAX, V||^ = V, V|- = 4.5 V 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqc ^ 5.0 V, 25° C, and maximum loading. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ = 25°C, VqC ^ ^.0 V (See Page 5-98 for Waveforms) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TCQT rr^MP 


i-ri/-%Mo 


MIN 


TYP 


MAX 




^PLH 
tpHL 


Propagation Delay, Data to Output 






14 
14 


ns 


Fig. 1 


Cl= 15pF 


^PLH 
^PHL 


Propagation Delay, Select to Output 






21 
21 


ns 


Fig. 1 


Cl= 15pF 


^PZH 


Output Enable Time to HIGH Level 






30 


ns 


Figs. 4, 5 


Cl= 15pF 


tpZL 


Output Enable Time to LOW Level 






30 


ns 


Figs. 3, 5 


Rl = 2 kQ 


^PLZ 


Output Disable Time from LOW Level 






16 


ns 


Figs. 3, 5 


C|_-5.0pF 


^PHZ 


Output Disable Time from HIGH Level 






16 


ns 


Figs. 4, 5 


Rl = 2 kO 
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9L5259 (54LS/74LS259) 

8-BIT ADDRESSABLE U\TCH 



DESCRIPTION - The 9LS259 (54LS/74LS259) is a high-speed 8-Bit Addressable Latch 
designed for general purpose storage applications in digital systems. It is a multifunc- 
tional device capable of storing single line data in eight addressable latches, and also a 
1-of-8 decoder and demultiplexer with active HIGH outputs. The device also incorporates 
an active LOW common clear for resetting all latches, as well as, an active LOW enable. It 
is functionally identical to the 9334 and 93L34 8-bit addressable latches. 



SERIAL-TO-PARALLEL CONVERSION 

8-BITS OF STORAGE WITH OUTPUT OF EACH BIT AVAI LABLE 

RANDOM (ADDRESSABLE) DATA ENTRY 

ACTIVE HIGH DEMULTIPLEXING OR DECODING CAPABILITY 

EASILY EXPANDABLE 

COMMON CLEAR 

FULLY TTL COMPATIBLE 



PIN NAMES 



Ao,At,A2 

D 

E 

C 

Qq to Q7 



Address Inputs 1 

Data Input 

Enable (Active LOW) Input 
Clear (Active LOW) Input 
Parallel Latch Outputs 



>^tvv 



s#' 



^^ 



LOGIC SYMBOL 




14 13 




1 — 


E D 
Ao 




2 — 


Ai 




3 — 


^C Oo O1 O2 O3O4O5 06 O7 






? 

15 4 5 6 7 9 10 11 12 




Vqq = Pin 16 
GND = Pin 8 


CONNECTION DIAGRAM 


DIP (TOP VIEW) 


C 


vy 

Ao Vcc 


D,e 


d 


Ai c 


:],5 


'L 


A2 E 


pH 


C 


"0 D 


J,3 


C 


Ql Qj 


J,2 


C 


Q2 Qg 


D" 


c 


Q3 Q5 


2,0 


c 


GND Q4 


1^ 













LOGIC DIAGRAM 



® 



,® 



,® 



.© 



.® 



Q.® 



Pin 16 
GND= Pin 8 
(3 = Pin Numbers 




.® 



@ 
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9LS283 (54LS/74LS283) 

4-BIT BINARY FULL ADDER WITH FAST CARRY 



DESCRIPTION - The 9LS283 (54LS/74LS283) is a high-speed 4-Blt Binary Full Adder 
with internal carry lookahead. It accepts two 4-bit binary words (A-j — A4, B-] — B4) and 
a Carry Input (Gin). It generates the binary Sum outputs (S-] — S4) and the Carry 
Output (Cqut) ^fO"^ the most significant bit. The 9LS283 operates with either active 
HIGH or active LOW operands (positive or negative logic). The 9LS283 {54LS/74LS283) 
is identical in function with 7483A and features corner power pins. 



PIN NAMES 




Ai-A4 


Operand A Inputs 


B1-B4 


Operand B Inputs 


C|N 


Carry Input 


21-24 


Sum Outputs (Note b) 


COUT 


Carry Output (Note b) 



LOADING (Note a) 


HIGH 


LOW 


1.0 U.L. 


0.5 U.L. 


1.0 U.L. 


0.5 au 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5(2.5) U.L. 


10 U.L. 


5(2.5) U.L. 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 mA HlGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 



LOGIC DIAGRAM 



IN A^ B, A2 B2 

© © 1© ©J® 



Y 



99 99 




A4 B4 




Vcc = P'" ''6 
GND = Pin 8 
O = Pin Numbers 



LOGIC SYMBOL 




5 3 14 12 6 2 15 n 

1 M 1 1 1 1 1 






Aj A;, A3 A4 Bt B2 83 B4 




7 — 


T, V2 I3 X4 


9 




MM 

4 1 13 10 




Vcc = Pin 16 


GND = Pin 8 


CONNECTION DIAGRAM 


DIP (TOP VIEW) 


iL 


^2 ^ Vcc 


3'^ 


'^ 


Bj B3 


3,5 


3n 


A2 *3 


1" 


c 


^1 H 


3,3 


bC 


A, A4 


3" 


c 


B, B, 


3" 


^c 


'^m ^1 


3,0 


c 


GND Gout 


2^ 


NOTE: 


The Ftatpak version has the same 


pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS283 (54LS/74LS283) 



FUNCTIONAL DESCRIPTION - The 9LS283 adds two 4-bit binary words (A plus B) plus the incoming carry. The binary 
sum appears on the sum outputs (S-j — 24) and outgoing carry (Cqut) outputs. 

CiN+(Ai+Bi)+2(A2+B2)+4(A3+B3)+8(A4+B4) = S^ +222+423+824+1 GCquT 
Where: (+) = plus 

Due to the symmetry of the binary add function the 9LS283 can be used with either all inputs and outputs active HIGH 
(positive logic) or with all inputs and outputs active LOW (negative logic). Note that with active HIGH inputs. Carry In can 
not be left open, but must be held LOW when no carry in is intended. 

Example: 



(10+9=19) 
(carry+5+6=12) 





C|N 


A-] A2 A3 A4 


B-j B2 B3 B4 


2i 22 23 24 


COUT 


logic levels 


L 


L H L H 


H L L H 


H H L L 


H 


Active HIGH 





10 1 


10 1 


110 


1 


Active LOW 


1 


10 10 


110 


11 






Interchanging inputs of equal weight does not affect the operation, thus C||\|, Ai, B-j, can be arbitrarity assigned to pins 7, 
5 or 3. 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vqq Pin Potential to Ground Pin 

* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARANTEED OPERATING RANGES 



PART NIJMRFRS 


SUPPLY VOLTAGE (V^c) 


TEMPERATURE 




MIN 


TYP 


MAX 




9LS283XM /54LS283XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS283XC/74LS283XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Cerannic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD • 9LS283 {54LS/74LS283) 



DC CHARACTERiSTSCS OVER OPERATIIMG TEMPERATURE RAWGE (unless othe 


rwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1} 


Mm 


TYP 


MAX 


VlH 


Input HIGH Voltage 


2.0 






V 


Guaranteed input HIGH Voltage 
for AH Inputs 


VfL 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed input LOW Voltage 


XC 




.. 


0.8 


for All Inputs 


VcD 


Input CIsmp Diode Voltage 




-0.65 


-1.5 


V 


S/qq^ MIH. \l^^ = -''iB mA 


VOH 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqq = Mm, \q^ = -400 jwA 


XC 


2.7 


3.4 




^iN ~ '"^IH '^'^ ^'( P^*" "^ruth Table 


V>^i 


Output LOW Voftage 


XM,XC 




0.25 


0.4 


V 


!0L. ^ 4.0 .mA 


Vcc ^ MIN, VjN = ViH or 


^OL 


XC 




0.35 


0.5 


V 


!qL "^ 8.0 mA 


VjL per Truth Table 


'!H 


Input HIGH Current 
Any A or B 






20 
40 


M 


Vcc = ^^^^' "^m = 2-7 V 




^!IM 

Any A or B 






0.1 
0.2 


niA 


Vqq- max., Vj^ - 10 V 


IlL 


Input LOW Current 
Any A or B 






-0.4 
-0.8 


rnA 


Vrc = MAX, Vjjsj = 0.4 V 


ios 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


V^Q - MAX, Vqut = ^"^ V 


!^^ 






22 


39 


rr^A 


V^^ _ MAX.. AH inputs = V 


'cc 








19 


34 


mA 


y^.^. = ?V!AX.. A Inputs = 4.5 V 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are co.ntained In a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchiid Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "v/vorst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the paranaeter. Since thase "worst case" values normally occur at the 
tem.perature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at V^c = 5.0 V, T/v = 25° C. 

5. Not more than one output should be shorted at a time. 

AC CHARACTERISTICS: T^ = 25°C 



SYMBOL 


P.ARAM ETER 


LIMITS 


UN ITS 


TEST CONDITIONS 


MiN 


jYP 


MAX 


^PLH 
^PHL 


Propagation Delay, Cjjs^ Input 
to Any S Output 






24 

24 


ns 




¥lh 
¥hl 


Propagation Delay, Any A or B Input 
to 2 Outputs 






24 

24 


ns 


Vcc = 5.0 V 
C|_= 15pF 


^PLH 
^PHL 


Propagation Delay, Cjjsj Input 
to CQyj Output 






17 

17 


ns 


Figures 1 and 2 


tpLH 
^PHL 


Propagation Delay, Any A or B Input 
to Cquj Output 






17 
17 


ns 





ACWAVEFORIVIS 





Fig. 1 



Fig,. 2 
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9LS290 (54LS/74LS290) 

DECADE COUNTER 

9LS293 (54LS/74LS293) 

4-BIT BINARY COUNTER 



DESCRIPTION - The 9LS290 (54LS/74LS290) and 9LS293 (54LS/74LS293) are 
high-speed 4-bit ripple type counters partitioned into two sections. Each counter has a 
divide-by-two section and either a divide-by-five {9LS290) or divide-by-eight (9LS293) 
section which are triggered by a HiGH-to-LOW transition on the clock inputs. Each 
section can be used separately or tied together (Q to CP) to form BCD, Bi-quinary, or 
Modulo-1 6 counters. Both of the counters have a 2-input gated IViaster Reset (Clear), and 
the 9LS290 also has a 2-input gated Master Set (Preset 9). 

• CORNER POWER PIN VERSIONS OF THE 9LS90 and 9LS93 

• LOW POWER CONSUMPTION TYPICALLY 45 mW 

• HIGH COUNT RATES .... TYPICALLY 50 MHz 

• CHOICE OF COUNTING MODES BCD, BI-QUINARY, BINARY 

• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

• FULLY TTL AND CMOS COMPATIBLE 



PIN NAMES 
CPq 

CPi 

MR 



LOADING (Note a) 



MR2 
,W\So 



MS^, 
Qt,Q2,Q3 



Clock (Active LOW going edge) Input to 

^ 2 Section. 

Clock (Active LOW going edge) Input to 

^5 Section (9LS290). 

Clock (Active LOW going edge) Input to 

^8 Section (9LS293). 

Master Reset (Clear) Inputs 

Master Set (Preset-9, 9LS290) Inputs 

Output from -^2 Section (Notes b & c) 

Outputs from -^5 & -^8 Sections (Note b) 



HIGH 


LOW 


3.0 U.L. 


1.5 U.L. 


2.0 U.L. 


2.0 U.L. 


1.0 U.L. 


1.0 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5(2.5) U.L 


10 U.L 


5(2.5) U.L. 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 ^A HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 

c. The Qq Outputs are guaranteed to drive the full fan-out plus the CP'j Input of the device. 



LOGIC SYMBOL 
9LS290 



1 3 



MR Qr, Q. Qp Q3 



^ 



Vqc = Pin 14 
GND= Pin 7 
NC = Pins2, 6 



MR Qq Qi Q2 Q3 



9 



Vcc = P'" ■'^ 

GND = Pin 7 
NC= Pins 1. 2, 3, 6 



CONNECTION DIAGRAM 9LS290 


CONNECTION DIAGRAM 9LS293 


DIP (TOP VIEW) 


DIP (TOP VIEW) 


^L 


MS V(;;(, 


Hi^ 


^C 


NC ^-^ 


JH 


^C 


IMC MR 


Ju 


2L 


NC MR 


1^3 


3i:: 


MS MR 


^'' NOTE: 


311 


NC MR 


^'' NOTE: 




Q2 CP^ 


"J 11 The Flatpak version has the same 
pinouts (Connection Diagram) as the 
II^° Dual In-Line Package. 




°2 CP^ 
Q, CPq 


^11 The Flatpak version has the same 
pinouts (Connection Diagram) as the 
J^° Dual In-Line Package. 


^L 


NC Qq 


J. 


6L 


NC Qq 


J^ 


yC 


GND Q3 


Db 


^L 


GND Q3 


Ds 


NC-No 


Internal C 


Dnnection 


NC- No 


internal cc 


nnection 
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FAIRCHILD • 9LS290 • 9LS293 



LOGIC DIAGRAMS 



9LS290 







































. ^ 


I 




"" 1 




i 




i 






<". 








A 






=.© „ 


CP 






J Q 




^ c ^ 










CP 

' c ° 
















H" 


3 








I— 








.© 


t 






t 






? 






t 
























© 
© 


Q 












O = Pin Numbers 


© 








C 


© 

1 




Q 


2 


) 








© 

Q 


V^^ = Pin14 
GND- 7 

3 



9LS293 



® 



© 



T 



© 



© 



© 



© © 



O = Pin Numbers 
Vqc = Pin 14 
GND = 7 



FUNCTIONAL DESCRIPTION - The 9LS290 and 9LS293 are 4-btt ripple type Decade, and 4-Bit Binary counters 
respectively. Each device consists of four nnaster/slave flip-flops which are internally connected to provide a divide-by-two 
section and a divide-by-five (9LS290) or divide-by-eight (9LS293) section. Each section has a separate clock input which 
initiates state changes of the counter on the HIGH-to-LOW clock transition. State changes of the Q outputs do not occur 
simultaneously because of internal ripple delays. Therefore, decoded output signals are subject to decoding spikes and should 
not be used for clocks or strobes. The Qq output of each device is designed and specified to drive the rated fan-out plus the 
CP^ input of the device. 

A gated AND asynchronous Master Reset (I\/1R-|*IV1R2) is provided on both counters which overrides the clocks and resets 
(clears) ail the flip-flops. A gated AND asynchronous Master Set {MS-j*MS2) is provided on the 9LS290 which overrides the 
clocks and the MR inputs and sets the outputs to nine (HLLH). 

Since the output from the divide-by-two section is not internally connected to the succeeding stages, the devices may be 
operated in various counting modes: 

9LS290 

A. BCD Decade (8421) Counter — the CPq input must be externally connected to the Qq output. The CPq input receives the 
incoming count and a BCD count sequence is produced. 

B. Symmetrical Bi-quinary Divide-By-Ten Counter — The Q3 output must be externally connected to the CPg input. The 
input count is then applied to the CP^ input and a divide-by-ten square wave is obtained at output Qq. 

C. Divide-By-Two and Divide-By-Five Counter — No external interconnections are required. The first flip-flop is used as a 
binary element for the divide-by -two function (CPq as the input and Qq as the output). The CP^ input is used to obtain 
binary divide-by-five operation at the Qq output. 

9LS293 

A. 4-Bit Ripple Counter — The output Qq must be externally connected to input CP-]. The input count pulses are applied to 
input CPQ. Simultaneous division of 2, 4, 8, and 16 are performed at the Qq, Qq, Q2/ and Q3 outputs as shown in the 
truth table. 

B. 3-Bit Ripple Counter — The input count pulses are applied to input CP-j. Simultaneous frequency divisions of 2, 4, and 8 
are available at the Q-j, Q2, and Q3 outputs. Independent use of the first flip-flop is available if the reset function 
coincides with reset of the 3-bit ripple-through counter. 
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FAIRCHILD ® 9LS290 * 9LS293 



9LS290 IVIODE SELECTION 



9LS293 IVIODE SELECTiOlM 



RESET/SET INPUTS 


OUTPUTS 


MR-j 


MR2 


MS-i 


MS2 


Go 


Qi Q2 


^3 


H 


H 


L 


X 


L 


L L 


L 


H 


H 


X 


L 


L 


L L 


L 


X 


X 


H 


H 


H 


L L 


H 


L 


X 


L 


X 




Count 




X 


L 


X 


L 




Count 




L 


X 


X 


L 




Count 




X 


L 


L 


X 




Count 





RESET 
INPUTS 


OUTPUTS 


MR-i 


MR2 


Op 


Qi Q2 


Q3 


H 


H 


L 


L L 


L 


L 


H 




Count 




H 


L 




Count 




L 


L 




Count 





9LS290 
BCD COUNT SEQUENCE 



9LS293 
TRUTH TABLE 



COUNT 


OUTPUT 


Go 


Q^j Q2 


Q3 





L 


L L 


L 


1 


H 


L L 


L 


2 


L 


H L 


L 


3 


H 


H L 


L 


4 


L 


L H 


L 


5 


H 


L H 


L 


6 


L 


H H 


L 


7 


H 


H H 


L 


8 


L 


L L 


H 


9 


H 


L L 


H 



NOTE: Output Qq is connected to 
Input CP^ for BCD count. 



H = HIGH Voltage Level 
L = LOVA/ Voltage Level 
X = Don't Care 



COUNT 


OUTPUT 


Qq 


Ql ^2 


Q3 





L 


L L 


L 


1 


H 


L L 


L 


2 


L 


H L 


L 


3 


H 


H L 


L 


4 


L 


L H 


L 


5 


H 


L H 


L 


6 


L 


H H 


L 


7 


H 


H H 


L 


8 


L 


L L 


H 


9 


H 


L L 


H 


10 


L 


H L 


H 


11 


H 


H L. 


H 


12 


L 


L H 


H 


13 


H 


L H 


H 


14 


L 


H H 


H 


15 


H 


H H 


H 



Note: Output Qq connected to input CP 



ABSOLUTE JVIAXIMUIVI RATIIMGS (above which the useful life may be impaired) 
Storage Tennperature 
Temperature (Ambient) Under Bias 
Vcc P'" Potential to Ground Pin 

* input Voltage (dc) 

* input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either input Voltage limit or input Current limit is sufficient to protect the inputs. 



-65 Cto+150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 m.A to +5.0 mA 

-0.5 V to +10 V 

+50 mA 
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FAIRCHILD • 9LS290 • 9LS293 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (V^c) 


JCIUipp RATI IRC 




MIN 


TYP 


MAX 




9LS290XM/54LS290XM 
9LS293XM / 54LS293XM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto+125°C 


9LS290XC/74LS290XC 
9LS293XC / 74LS293XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


V|L 


input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diocie Voltage 




-0.65 


-1.5 


V 


Vcc^MIN, l,N = -18mA 


Vqh 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vqc = MIN, Iqh = -400 M 


XC 


2.7 


3.4 




V|N ^ ^IH °'' ^IL P®*" ^^^^^ ^^"^'^ 


V-^. 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


Iql ^ 4.0 mA 


Vcc = MIN, V|N = V|H or 


^OL 


XC 




0.35 


0.5 


V 


IqL = 8.0 mA 


VjL per Truth Table 


'IH 


Jnput HIGH Current 
MS, MR 
CPo 

CP-i (LS290) 
CPi (LS293) 






20 

120 

80 

40 


M 


Vcc = ^^^' ^IN ^ 2.7 V 




MS, MR 

CPq, CPi (LS293) 

CPi (LS290) 






0.1 
0.4 
0.8 


mA 


Vcc=MAX,V,N=10V 


'IL 


Input LOW Current 
MS, MR 
CPo 

CP-, (LS290) 
CP-, {LS293) 






-0.4 
-2.4 
-3.2 
-1.6 


mA 


Vcc = MAX, V|N = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc=MAXVouT = OV 


'cc 


Power Supply Current 




9 


15 


mA 


Vqc = MAX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqc ~ 5-0 V, T^ = 25° C, and maximum loading. 

5. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9LS290 • 9LS293 



AC CHARACTERISTICS: Ta = 25°C 





PARAMETER 


LIMITS 


UNITS 






SYMBOL 


9LS290 


9LS283 


TEST CONDITIONS 




MIN 


MAX 


MIN 


MAX 




^MAX 


CPq Input Count Frequency 


32 




32 




MHz 


Fig. 1 




^MAX 


CP-j Input Count Frequency 


16 




16 




MHz 


Fig. 1 




^PLH 
tpHL 


Propagation Delay, 
CPq Input to Qq Output 




16 
18 




16 
18 


ns 


Fig. 1 




*PLH 
^PHL 


Propagation Delay, 
CP^ Input to Q-i Output 




16 
21 




16 
21 


ns 




*PLH 
^PHL 


Propagation Delay, 
CP-j Input to Q2 Output 




32 
35 




32 
35 


ns 


Vcc " 5-0 V 


tpLH, 
^PHL 


Propagation Delay, 
CP-j input to Q3 Output 




32 
35 




51 
51 


ns 


Cl=15pF 


^PLH 
^PHL 


Propagation Delay, 
CPq Input to Q3 Output 




48 
50 




70 
70 


ns 




tpLH 


MS Input to Qq and Q3 Outputs 




30 






ns 


Fig. 3 




Vhl 


MS Input to Q-i and Q20utputs 




40 






ns 


Fig. 2 




^PHL 


MR Input to Any Output 




40 




40 


ns 


Fig. 2 





AC SET UP REQUIREMENTS: T^ = 


-25 


°C 
















PARAMETER 


LIMITS 


UNITS 




SYMBOL 


9LS290 


9LS293 


TEST CONDITIONS 




MIN 


MAX 


MIN 


MAX 




tw 


CPq Pulse Width 


15 




15 




ns 


Fig. 1 




% 


CPi Pulse Width 


30 




30 




ns 




tw 


MS Pulse Width 


15 








ns 


Fig. 2, 3 




% 


MR Pulse Width 


15 




15 




ns 


Fig. 2 


^CC "" ^^ V 


Vec 


Recovery Time MS to CP 


25 








ns 


Fig. 2, 3 




Vec 


Recovery Time MR to CP 


25 




25 




ns 


Fig. 2 





LOW in order to recognize and transfer HIGH data to the Q outputs. 



AC WAVEFORMS 



I-* — % 



^Ns^ 



^ 



Fig. 1 



*The number of Clock Raises required between the tpu. and tp. l, measurements can 


be determined from the appropriate Truth Tables. 


MR&MS 1.3 V T 




MS 


1.3V -ji 






/ X'" 


-* tw *- ^<- Ve 










c- 


CP 




CP 
(LS290> 






-\- 


tPHL -i— 1 




^ "^i 




\l.3V y 


J^1.3V 


\ 


Fig, 2 


Fig. 3 
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9LS295 (54LS/74LS295A) 

4-BIT SHIFT REGISTERS WITH 3-STATE OUTPUTS 



DESCRIPTION - The 9LS295 {54LS/74LS295A) is a 4-Bit Shift Register with serial and 
parallel synchronous operating modes, and independent 3-state output buffers. The 
Parallel Enable input (PE) controls the shift-right or parallel load operation. All data 
transfers and shifting occur synchronous with the HIGH to LOW clock transition. 

The 3-State output buffers are controlled by an active HIGH Output Enable input (EO). 
Disabling the output buffers does not affect the shifting or loading of input data, but it 
does inhibit serial expansion. 

The 9LS295 is fabricated with the Schottky barrier diode process for high speed and is 
completely compatible with all Fairchild TTL families. 

• FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS 

• NEGATIVE EDGE-TRIGGERED CLOCK INPUT 
o PARALLEL ENABLE MODE CONTROL INPUT 

• 3-STATE BUSSABLE OUTPUT BUFFERS 

• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

• FULLY TTL AND CMOS COMPATIBLE 

LOADING (Note a) 



PrN NAMES 




PE 


Parallel Enable Input 


0$ 


Serial Data input 


P0-P3 


Parallel Data Input 


Eo 


Output Enable Input 


CP 


Clock Pulse (Active LOW Going 




Edge) Input 


Q0-Q3 


3-State Outputs (Note b) 



HIGH 


LOW 


0.5 U.L 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L 


0.25 U.L. 


65(25) U.L. 


5(2.5) U.L. 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 juA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercia! (XC) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military (XM) and 65 U.L. 
for Commercial (XC) Temperature Ranges. 



LOGIC SYMBOL 




6 2 3 4 5 

Mill 




PE Po Pi P2 P3 


-0 


CP 




^° Qq Qi Q2 Q3 




1 1 1 1 

13 12 11 10 


Vcc = Pin 14 




GND-Pin 7 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 






214 

Jl3 

J10 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 



LOGIC DIAGRAM 



^^t>y>- 



® 



® 




=M>- 
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Vcc " Pi" '^^ 
GND = Pin 7 
O = Pin Numbers 
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FAIRCHILD • 9LS295 (54LS/74LS295A) 



FUNCTIONAL DESCRIPTION - The 9LS295 is a 4-Bit Shift Register with serial and parallel synchronous operating modes. 
It has a Serial Data {D3) and four Parallel Data (Pg — P3) inputs and four parallel 3-State output buffers (Qq ~ Q3). When 
the Parallel Enable (PE) input is HIGH, data is transferred from the Parallel Data Inputs (Pq " ^3^ '"^^ ^^^ register 
synchronous with the HIGH to LOW transition of the Clock (CP). When the PE is LOW, a HIGH to LOW transition on the 
clock transfers the serial data on the Dg input to register Qq, and shifts data from Qq to Q-j, Q-j to Q2 and Q2 to Q3. The 
input data and parallel enable are fully edge-triggered and must be stable only one set-up time before the HIGH to LOW clock 
transition. 

The 3-State output buffers are controlled by an active HIGH Output Enable input (Eg). When the Eq is HIGH, the four 
register outputs appear at the Qq — Q3 outputs. When Eg is LOW, the outputs are forced to a high impedance "off" state. 
The 3-State output buffers are completely independent of the register operation, i.e., the input transitions on the Eq input 
do not affect the serial or parallel data transfers of the register. If the outputs are tied together, all but one device must be in 
the high impedance state to avoid high currents that would exceed the maximum ratings. Designers should ensure that Output 
Enable signals to 3-State devices whose outputs are tied together are designed so there is no overlap. 



MODE SELECT - TRUTH TABLE 



OPERATING MODE 


INPUTS 


OUTPUTS* 


PE 


CP 


DS 


Pn 


Qo 


Ql 02 


Q3 


Shift Right 


1 
1 


1_ 


1 
h 


X 
X 


L 
H 




q2 
q2 


Parallel Load 


h 


!_ 


X 


Pn 


PO 


Pi P2 


P3 



*The indicated data appears at the Q outputs when Eq is HIGH. When 
Eq is LOW, the indicated data is loaded into the register, but the 
outputs are all forced to the high impedance "off" state. 

L = LOW Voltage Levels 
H = HIGH Voltage Levels 
X = Don't Care 

p^(q^) = Lower case letters indicate the state of the referenced input 
(or output) one set-up time prior to the HIGH to LOW clock 
transition. 
I = LOW Voltage Level one set-up time prior to the HIGH to LOW 

clock transition, 
h = HIGH Voltage Level one set-up time prior to the HIGH to LOW 

clock transition. 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Vqq Pin Potential to Ground Pin 

* Input Voltage (dc) 

*lnput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (dc) (Output LOW) 
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 Vto+15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 
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FAIRCHILD • 9LS295 (54LS/74LS295A) 



GUARANTEED OPERATING RANGES 



PART NUMBERS 


SUPPLY VOLTAGE (V^c) 


TEMPERATURE 




MIN 


TYP 


MAX 




9LS295XM /54LS295AXM 


4.5 V 


5.0 V 


5.5 V 


-55°Cto + 125°C 


9LS295XC /74LS295AXC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 




PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 




MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 
for All Inputs 


v.. 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


^IL 


XC 






0.8 


for All Inputs 


VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = MIN, 1|N = -18 mA 


VOH 


Output HIGH Voltage 


XM 


2.4 


3.4 




V 


IOH = -10mA 


Vcc ^ MIN, V,N = V,H or 


XC 


2.4 


3.4 




IOH = -2.6nnA 


V||_ per Truth Table 


Vol 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


l0L = 4.0 mA 


Vcc = MIN, V|N = V|H or 


XC 




0.35 


0.5 


V 


Iql = 8.0 mA 


V|L per Truth Table 


'OZH 


Output Off Current HIGH 






20 


M 


Vqc = MAX, Vqut = 2.4 V, V^ = 2.0 V 


'OZL 


Output Off Current LOW 






20 


M 


Vqc - MAX, Vqut =" 0-5 v, v^ = 2.0 v 


, 


Input HIGH Current 






20 


M 


Vqc = MAX, V|N = 2.7 V 


'iH 






0.1 


mA 


V(3c = MAX, V,M = 10 V 


'IL 


Input LOW Current 






-0.4 


mA 


Vqq = MAX, V|N = 0.4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc- MAX, Vqut- ov 


1^^ 


Power Supply Current, 
Outputs HIGH 




14 


23 


mA 


V^f^ = MAX, Vcp =_n, Ve = 4.5 V 


■cc 


Power Supply Current, 
Outputs Off 




15 


25 


mA 


VqC ^ MAX, Vqp = V, V^ = V 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqc = 5.0 V, T/^ = 25° C. 

5. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ = 25°C 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 




%AX 


Shift Frequency 


30 


45 




MHz 


Fig. 1 


Vqc = 5.0 V 


^PLH 
^PHL 


Propagation Delay, 
Clock to Output 




17 
17 


26 
26 


ns 


Fig. 1 


Cl= 15pF 
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FAIRCHILO • 9LS295 (54LS/74LS295) 



AC CHARACTERISTICS: for 3-State Output Buffers (See Page 5-98 for 


Waveforms 


) 




SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


tpZH 


Output Enable Time 
to HIGH Level 




12 


18 


ns 


Figs. 4, 5 


Cl=15pF 


¥ZL 


Output Enable Time 
to LOW Level 




12 


18 


ns 


Figs. 3, 5 


Rl = 2 kQ 


^PLZ 


Output Disable Time 
from LOW Level 




12 


18 


ns 


Figs. 3, 5 


Cl = 5 pF 


^PHZ 


Output Disable Time 
from HIGH Level 




12 


18 


ns 


Figs. 4, 5 


Rl = 2 kO 



AC SET-UP REQUIREMENTS: Ta = 25°C 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


tw(CP) 


Clock Pulse Width 


20 






ns 


Fig. 1 




tg(Data) 


Set-up Time, Data to Clock 


20 






ns 


Fig. 1 


Vcc = 5.0 V 


th(Data) 


Hold Time, Data to Clock 









ns 


Cl= 15 pF 


ts(PE) 


Set-up Time, PE to Clock 


20 






ns 


Fig. 2 




th(PE) 


Hold Time, PE to Clock 









ns 





DEFINITION OF TERMS 

SET-UP TIME (tg) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

HOLD TIME (t^) — is defined as the minimum time following the clock transition from HIGH to LOW that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from HIGH to LOW and still be recognized. 

AC WAVEFORMS 

The shaded areas indicate when the input is permitted to change for predictable output performance. 



fnin- 



v/ 




V 



■ ""/flVlAX - 



\ 



*The Data Input is Ds for PE = LOW and P^ for PE = HIGH. 
Fig. 1 



LOAD PARALLEL DATA 




/ / - V 



-m^-^-X ^h{L) 



Fig. 2 
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9LS298 (54LS/74LS298) 

QUAD 2-PORT REGISTER 
(QUAD 2-INPUT MULTIPLEXER WITH STORAGE) 



DESCRIPTION - The 9LS298 (54LS/74LS298) is a Quad 2-Port Register. It is the 
logical equivalent of a quad 2-input multiplexer followed by a quad 4-bit edge-triggered 
register. A Common SeJ[pct input selects between two 4-bit input ports (data sources). 
The selected data is transferred to the output register synchronous with the HIGH to 
LOW transition of the Clock input. 

The 9LS298 is fabricated with the Schottky barrier process for high speed and is 
completely compatible with all Fairchild TTL families. 



SELECT FROM TWO DATA SOURCES 

FULLY EDGE-TRIGGERED OPERATION 

TYPICAL POWER DISSIPATION OF 65 mW 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 



PINT 


\IAMES 




S 




Common Select Input 


CP 




Clock (Active LOW Going Edge) Input 


lOa- 


-'Od 


Data Inputs From Source 


ha- 


-lid 


Data Inputs From Source 1 


Qr- 


Qri 


Register Outputs (Note b) 



LOADING (Note a) 


HIGH 


LOW 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5(2.5) U.L. 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40mA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for iVlilitary (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 



LOGIC OR BLOCK DIAGRAM 

© '^ © '" © '" © '" © 



@ 



J 





© 



® 








Vcc "^ Pin 16 
GND=Pin 8 
O = Pin Numbers 



HM 



©I 



^ 

(i""')l 




o>-l 



a 



a 



LOGIC SYMBOL 



3 2 4 t 9 5 7 6 



'Oa 'la 'Ob 'lb 'Oi: 'lc 'Od 'id 



GND = Pin 8 



CONNECTION DIAGRAM 
DIP (TOP VIEW) 






J, 6 

His 

J, 2 

J" 
:],o 

J" 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS298 (54LS/74LS298) 



FUNCTIONAL DESCRIPTION - The 9LS298 is a high speed Quad 2-Port Register. It selects four bits of data from two 
sources (ports) under the control of a Common Select Input (S). The selected data is transferred to the 4-bit output register 
synchronous with the HIGH to LOW transition of the Clock input (CP). The 4-bit output register is fully edge-triggered. The 
Data inputs (I) and Select input (S) must be stable only one set-up time prior to the HIGH to LOW transition of the clock for 
predictable operation. 



TRUTH TABLE 



INPUTS 


OUTPUT 


S 


'0 


h 


Q 


1 


1 


X 


L 


1 


h 


X 


H 


h 


X 


1 


L 


h 


X 


h 


H 



L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Don't Care 
I = LOW Voltage Level one set-up time prior to the 

HIGH to LOW clock transition, 
h = HIGH Voltage Level one set-up time prior to the 

HIGH to LOW clock transition. 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vqq Pin Potential to Ground Pin 
*lnput Voltage (dc) 
* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 



-65 Cto-H50 C 

~-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



PART NUMRFR*^ 


SUPPLY VOLTAGE (Vqq) 


TFMPFRATI IRF 




MIN 


TYP 


MAX 




9LS298XM /54LS298XM 


4.5 V 


5.0 V 


5.5 V 


-55°C to+125°C 


9LS298XC/74LS298XC 


4.75 V 


5.0 V 


5.25 V 


0°C to +75°C 



X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 








MIN 


TYP 


MAX 






V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 




XC 






0.8 




VcD 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


Vcc = 'VIIN, l|N = ~18 mA 


V^i 1 


Output HIGH Voltage 


XM 


2.5 


3.4 




V 


Vcc = MIN, loH = -400M 
Vjiyj ^ V|H or V||_ per Truth Table 




^OH 


XC 


2.7 


3.4 






V,^, 


Output LOW Voltage 


XM,XC 




0.25 


0.4 


V 


IOL = 4.0 mA 


Vcc = MIN, V|N = V|H 
V|L per Truth Table 


or 


^OL 


XC 




0.35 


0.5 


V 


IqL- 8.0 mA 




IlLJ 


Input HIGH Current 






20 


M 


Vcc "^ "^AX, V||y, = 2.7 V 


'IH 






0.1 


mA 


Vcc ^ ^^^' V|N = "• V 


'IL 


Input LOW Current 






-0.4 


mA 


Vcc = MAX, V,M - 0.4 V 


'OS 


Output Short Circuit 
Current (Note 5) 


-15 




-100 


mA 


Vcc=MAX,VouT = OV 


'cc 


Power Supply Current 




13 


21 


mA 


Vqq = MAX 
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FAIRCHILD # 9LS298 {54LS/74LS298) 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allovvabie system 
operating ranges. 

4. Typicai limits are at Vqc "" 5.0 V, T/^ = 25° C. 

5. Not more than one output should be shorted at a lime. 



AC CHARACTERISTICS: Ta = 


= 25^C 














SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITiONS 




MIN 


TYP 


MAX 




^PHL 


Propagation Delay, 
Clock to Output 




16 
16 


25 
25 


ns 


Fig. 1 

, 1 


V^c "-"^ 5,0 V 

Cl= 15 pF 





AC SET-UP REQUIREMENTS: T^ = 25^C 



SYMBOL 


PARAMETEF-^ 


LIMITS 


UNITS 


TEST CONDITIONS 


MiN 


TYP 


MAX 


%{H) 


Clock Pulse Width (HIGH) 


20 






ns 


Fig. 1 




%(L) 


Clock Pulse Width (LOW) 


20 






ns 




^s(Data) 


Set-up Time, Data to Clock 


15 






ns 


Fig. 1 


Vcc - 5.0 V 


^h(Data) 


Hold Time, Data to Clock 


5.0 






ns 


^s{S) 


Set-up Time, Select to Clock 


20 






ns 


Fig. 2 




^h(S) 


Hold Time, Select to Clock 





.,. 




ns 





DEFIWITtONS OF TERMS: 

SET-UP TIME (tg) — is defined as the minimum time required for the correct logic ieve! to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (t|^) '- is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 



AC WAVEFORMS 




3Fiz: 



h* >-i — t. u) 



"^A {- V 



DdZDE'' 



*The shaded areas indicate when the input is permitted to 
change for predictable output performance. 



Fig. 1 



Fig. 2 
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9LS670 (54LS/74LS670) 

4x4 REGISTER FILE WITH 3- STATE OUTPUTS 



DESCRIPTION - The TTL/MSI 9LS670 (54LS/74LS670) is a high-speed, low-power 
4x4 Register File organized as four words by four bits. Separate read and write inputs, 
both address and enable, allow simultaneous read and write operation. 

The 3-state outputs make it possible to connect up to 128 outputs to increase the word 
capacity up to 512 words. Any number of these devices can be operated in parallel to 
generate an n-bit length. 

The 9LS170 {54LS/74LS170) provides a similar function to this device but it features 
open-collector outputs. 



• SIMULTANEOUS READ/WRITE OPERATION 

• EXPANDABLE TO 512 WORDS BY n-BITS 

• TYPICAL ACCESS TIME OF 20 ns 

• 3-STATE OUTPUTS FOR EXPANSION 

• TYPICAL POWER DISSIPATION OF 125 mW 



PIN NAMES 


Data Inputs 


LOADING (Note a) 




HIGH 


LOW 


D1-D4 


0.5 U.L 


0.25 U.L 


Wa, Wb 


Write Address Inputs 


0.5 U.L. 


0.25 U.L. 


EW 


Write Enable (Active LOW) Input 


1.0 U.L. 


0.5 U.L. 


Ra, Rb 


Read Address Inputs 


0.5 U.L. 


0.25 U.L. 


Er 


Read Enable (Active LOW) Input 


1.5 U.L. 


0.75 U.L. 


Q1-Q4 


Outputs (Note b) 


65(25) U.L. 


5(2.5) U.L. 



NOTES: 

a. 1 TTL Unit Load (U.L.) =40juA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5.0 U.L. for Commercial (XC) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L, for Military and 65 U.L. for 
Commercial Temperature Ranges. 



LOGIC SYMBOL 



12 15 1 2 3 

MM 



Wb 


Di D2 D3 D4 




Ql Q2 Q3 Q4 



TTTl 

11 10 9 7 6 



VCC = '''" 16 
GND = Pin8 



CONNECTION DIAGRAM 
DIP (TOP VIEW) 






[^ GND 



:],6 

J, 6 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9LS670 (54LS/74LS670) 



LOGIC DIAGRAM 



N 

© 



^ 



o 



© 







.© 



© 



s 



a 



■1 



a 



->*^^r^>- 



7^0 



© 



Y 



G D 



O^ 




e 



1 



G D 



i 



UP 



t 



r 



^=g 




B 



5 



a 







Y 



A 



i 



i 



i 



© 



y 



W MMIjiWp 



PT ^ ^ Ptf 



© 







© 



© 



O = Pin Numbers 
Vcc = Pin 16 
GND = Pin8 
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FAIRCHfLD # 9LS670 (54LS/74LSS70) 



ABSOLUTE MAXilVlUiVi RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Vcc Pin Potential to Ground Pin 
*!nput Voltage (dc) 
*lnput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (dc) (Output LOW) 
* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 



-65Xto+150 C 

-55''Cto+125°C 

-0.5 V to +7.0 V 

-0,5 V to +15 V 

-30 mA to +5.0 mA 

-0.5 V to +10 V 

+50 mA 



GUARAJMTEED OPERATIiSIG RAf^GES 



PART NUMBERS 


SUPPLY VOLTAGE (V^^) 


TEMPERATURE 






Mm 


TYP 


MAX 




9LS670XM/54LS670XM 


4.5 V 


5.0 V 


5.5 V 


-55=Cto+125°C 




9LS670XC/74LS670XC 


4.75 V 


5.0 V 


5.25 V 


O^'C to +75^C 



X = pacioge type; F for Ffatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging !nfor?T!ation SecUon for packages svailabie on this product. 

DC CHA RA CTERISTICS QVER QPERATIfyO TEIVIPERATU RE RANGE (unless otherwise spec ified) 



SYMBOL 


PARAMfclhH 


LIMITS 


UNITS 








MIN 


TYP 


MAX 


1 Lo 1 bUnJUi i lU ^o 




VjH 


Input HIGH Voltage 


2.0 






V 


Guaranteed input HIGH Voltage 
for AH Inputs 


Vi. 


input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 
for All inputs 




^IL 


XC 






0.8 




^CD 


Input Cfarnp Diode Voi-iage 




-0.65 


-1.5 


V 


S/qc'^ ^'^^' ^iN"=~^S ''^A 


Vqh 


Output HIGH Voltage 


XM 


2.4 


3.4 




V 


IOH = -T0mA 


Vcc = MiN,VjN = V|Hor 

V|L per Truth Table 




XC 


2.4 


3.1 




V 


IqH = -2.6 mA 




Vol 


Output LOW Voitage 


xivixc 




0.25 


0.4 


V 


iOL = 4.0 mA 


Vcc '■' ^^^^. Vim - ViH or 
V|^ par Truth Table 




XC 




0.35 


0.5 


V 


Iqj_ = 8.0 mA 




'OZH 


Output Off Current HIGH 








20 


fiA 


Vqq - MAX, Vquj - 2-7 V Vj^ - 2 V 


ioZL 


Outpiit Off Current LOW 






-20 


M 


Vcc-MAX,Voy-^ = 0,4V,ViH = 2V 


!m . 


input HIGH Current 
Any D, R or W 

Er 






20 
40 
60 


M 


Vqc = MAX, Vj^ 2.7 V 


'!H 


Any D, R or W 
^W 

Er 






0.1 
0.2 
0.3 


mA 


Vcc = MAX, Vjjg-lOV 


'IL 


Input LOW Curreni 
Any D, R or Vs/ 
% 

Er 






-0.4 
-0.8 
-1.2 


mA 


Vqc = MAX, Vj^ = 0.4 V 


'OS 


Output Short Circuit 
Current (Mote b) 


-15 




-100 


mA 


Vcc=MAX,VouT = OV 


^CC 


Power Supply Current 




30 


50 


mA 


V^Q = MAX (Note 6) 





NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 
A copy of this specification can be obtained from Fairchiid Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not .shown In the table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LiMITS represent the "worst case" value for the parameter. Since these "worst case" values normaiiy occur at the tempera- 
ture and supply voitage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vqq = 5.0 V, T^ = 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 

6. Maximum \qq is guaranteed for the following worst-case conditions: 4.5 V is applied to all data inputs and both enable inputs, ail address 
inputs are grounded and all outputs are open. 
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FAIRCHILD • 9LS670(54LS/74LS670) 



AC CHARACTERISTICS: T^ = 25°C 



c;ymroi 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 




MIN 


TYP 


MAX 


tpLH 


Propagation Delay 
R^ or Rg to Q Outputs 






40 
45 


ns 


Fig. 2 


Vqq = 5 V 
Cl=15pF 


tPLH 
tpHL 


Propagation Delay, 

Negative Going Ey/y to Q Outputs 






45 
50 


ns 


Fig. 1 


Rl = 2 kO 




Propagation Delay, 
Data Inputs to O Outputs 






45 
40 


ns 


Fig. 1 




¥ZH 


Enable Time, Negative Going 
Ep{ to Q Outputs Going HIGH 






35 


ns 


Fig. 4,5 


^cc " ^ V 


tpZL 


Enable Time, Negative Going 
Ep to Q Outputs Going LOW 






40 


ns 


Fig. 3,5 


Cl = 5.0 pF 

Rl = 2 kO 

See Page 5-98 f 


^PHZ 


Disable Time, Positive Going 
Er to Q Outputs Off from HIGH 






50 


ns 


Fig. 4,5 


3-state Wave- 
forms (Figs. 
3,4,5) 


tpLZ 


Disable Time, Positive Going 
Er to Q Outputs Off from LOW 






35 


ns 


Fig. 3,5 



AC SET-UP REQUIREMENTS: Ta = 25° 


C 










SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


% 


Pulse Width (LOW) for E^ 


25 






ns 




tsD 
(Note 7) 


Set-Up Time, Data Inputs with 
Respect to Positive-Going Eyy 


10 






ns 




thD 


Hold Time, Data Inputs with 
Respect to Positive-Going Ey^ 


15 






ns 


Vcc - 5 V 


tgW 

(Note 9) 


Set-Up Time, Write Select Inputs 
Wy^ and Wg with Respect to Negative- 
Going Eyy 


15 






ns 


Fig. 6 
(Note 10) 


thW 


Hold Time, Write Select Inputs 
W^ and Wg with Respect to Positive- 
Going Eyy 


5 






ns 





NOTES: 

7. The Data to Enable Set-up Time is defined as the time required for the logic level to be present at the Data input prior to the enable 
transition from LOW to HIGH in order for the latch to recognize and store the new data. 

8. The Hold Time (t^) is defined as the minimum time following the enable transition from LOW to HIGH that the logic level must be 
maintained at the input in order to ensure continued recognition. 

9. The Address to Enable Set-up Time is the time before the HIGH to LOW Enable transition that the Address must be stable so that the 
correct latch is addressed and the other latches are not affected. 

10. The shaded areas indicate when the input are permitted to change for predictable output performance. 
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FAIRCHILD • 9LS670 (54LS/74LS670) 



AC WAVEFORMS 



\ 



|— ^PHL 



d 



j— — Vli- 



\ 
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Fig. 1 
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X 



-•■PHL — j 



j— tpi 



\ 
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Fig. 2 
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Fig. 6 
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LPTTL/MONOSTABLE 96L02 

LOW POWER DUAL RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATOR 



DESCRIPTION - The TTL/Monostable 96L02 is a low power Dual Retrlggerable, 
Resettabie Monostable Multivibrator which provides andoutput pulse whose duration 
and accuracy is a function of external timing components. The 96L02 has excellent 
immunity to noise on the Vcc ^^^ ground lines. The 96L02 uses TTL inputs and 
outputs for high speed and high fan out capability and is compatible with all members 
of the Fairchild TTL family. 



TYPICAL POWER DISSIPATION OF 25 mW/ONE SHOT 

50 ns TYPICAL PROPAGATION DELAY 

RETRIGGERABLE TO 100 % DUTY CYCLE 

TTL INPUT GATING - LEADING OR TRAILING EDGE-TRIGGERING 

COMPLEMENTARY TTL OUTPUTS 

OPTIONAL RETRIGGER LOCK-OUT CAPABILITY 

PULSE WIDTH COMPENSATED FOR Vcc AND TEMPERATURE VARIATIONS 

RESETTABLE 



LOADING 



PIN NAMES 




B 


Trigger (Active LOW) Input 


A 


Trigger (Active HIGH) Input 


CD 


Clear (Active LOW) Input 


Q 


Output (Active HIGH) 


Q 


Output (Active LOW) 


1 Unit Load (U.L.) ^ 


=^40MAHlGH/1.6mA LOW 



HIGH 


LOW 


0.5 


0.25 


0.5 


0.25 


0.5 


0.25 


9.0 


3.0 


9.0 


3.0 



LOGIC DIAGRAM 




Hj-t — ^^^ — ovcc 




Cx Rx 
Hh— VA Ovcc 




Q 
96L02 


6 


"i^D 


Q 
96L02 


10 




CD 
3 






CD 
13 





CONNECTION DIAGRAM 

DIP (TOP VIEW) 



■L- 






p. 



*Pinsfor external timing. 



FLATPAK (TOP VIEW) 



1 


p 


- 1 


Vcc 


1 1 










1 1 




CCD 






\» 


1 


-, [— Q 


CD 








pCO 


Q 


-\m 


1 11 




3ND 






1 9 



*Pins for ecternal timing. 
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FAIRCHILD LPTTL/MONOSTABLE • 96L02 



FUNCTIONAL DESCRIPTION ~ The 96L02 dual resettable, retriggerable monostable multivibrator has two inputs per function, one active 
LOW and one active HIGH. This allows leading edge of trailing edge triggering. The TTL inputs make triggering independent of input transition 
times. When input conditions for triggering are met, a new cycle starts and the external capacitor is rapidly discharged and then allowed to 
charge. An input cycle time shorter than the output cycle time will retrigger the 96L02 and result in a continuous true output. (See Rule 9) 
The output pulse may be terminated at any time by connecting the reset lead to a logicJLOW. Active pull ups are provided on the outputs for 
good drive capability into capacitive loads. Retriggering may be inhibited by tying the Q output to the active LOW input or the Q output to 
the active HIGH input. 
OPERATION RULES 

1. An external resistor (Rx' ^^'^ external capacitor (Cx) are required as shown in the Logic Symbol. 

2. The value of Rx may vary from 16 kn to 220 kn for to 75°C operation. The value of Rx may vary from 20 kSTl to 100 kn for —55 to 
125°C operation. 

3. The value of Cx may vary from to any necessary value available. If, however, the capacitor has leakages approaching 1.0 juA or if stray cap- 
acitance from either terminal to ground is more than 50 pF, the timing equations may not represent the pulse width obtained. 



4. The output pulse with (t) is defined as follows: 



t = 0.33 RxCx 



[-1=] 



(forCx > 103pF) Where 



5. If electrolytic type capacitors are to be used, the following three configurations are recommended: 

A. Use with low leakage capacitors: 

The normal RC configuration can be used predictably only if the forward capacitor leakage at 
5.0 V is less than 1.0 juA, and the inverse capacitor leakage at 1 .0 V is less than 1.6 juA over 
the operational temperature range and Rule 3 above is satisfied. 

B. Use with high inverse leakage current electrolytic capacitors: 

The diode in this configuration prevents high inverse leakage currents through the capacitor 
by preventing an inverse voltage across the capacitor. The use of this configuration is not 
recommended with retriggerable operation. 

t « 0.3 RCx 

C. Use to obtain extended pulse widths: 

This configuration can be used to obtain extended-pulse widths, because of the larger timing 
resistor allowed by beta multiplication. Electrolytics with high inverse leakage currents can be 
used. 

R < Rx (0-7) (hpE ^l) o*" <2.5 MI2 whichever is the lesser 
Rx (min) < Ry < Rx <max) 

Qi: NPN silicon transistor with hp^ requirements of above 
equations, such as 2N5961 or 2N5962 
t ^ 0.3 RCx 
This configuration is not recommended with retriggerable operation. 

6. To obtain variable pulse width by remote trimming, the following circuit is recommended: 



Rj^ is in kn, Cx is in pF 

t is in ns 

for Cx < 103 pF, see Fig. 1 



< 0.6 Rx (MAX) 






— O LEAD 2 (14) 



^h-^^ 



T^ 




7. Under any operating condition, Cx and Rx (min) must be kept as close to the circuit as possible to minimize stray capacitance and reduce 
noise pick up. 

8. Input Trigger Pulse Rules. See Triggering Truth Table, following pages. 

Input to Lead 5(11) 



Lead 4 (12) = LOW 

INPUT 

Lead 3 (13) - HIGH 

t-], t3 = Min. Positive Input 

Pulse Width > 60 ns 
t2, t4 = Min. Negative Input 

Pulse Width > 60 ns 
9. The retriggerable pulse width is calculated as shown below: 




Input to Lead 4 (12) 
Lead 5 (11) = HIGH ,, 



Lead 3 (13) = HIGH 




-^1 l-«-*PLH 



3.0 



tw = t + tpLH = 0.33 Rx Cx (1 + ) + tpLH 

Rx 

The retrigger pulse width is equal to the pulse width (t) plus a delay time. 
For pulse widths greater than 500 ns, tw can be approximated as t . 

Retriggering will not occur if the retrigger pulse comes within «s 0.9 Cx ns after the initial trigger pulse, (i.e., during the discharge cycle) 
10. Reset Operation — An overriding active LOW level is provided on each oneshot. By applying a LOW to the reset, any timing cycle can be 
terminated or any new cycle inhibited until the LOW reset input is removed. Trigger inputs will not produce spikes in the output when the 
reset is held LOW. __ . . . 

INPUT I L. I ' ' I ' I 



Q OUTPUT 
Q OUTPUT 



I PULSE I I 1 
—J WIDTH t I L- 

~Llj~L_r 



H- Vcc snd Ground wiring should conform to good high frequency standards so that switching transients on Vqq and Ground leads do not 
cause interaction between one shots. Use of a 0.01 to 0.1 /xF bypass capacitor between Vqq and Ground located near the 96L02 is 
recommended. 
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FAIRCHILD LPTTL/MONOSTABLE • 96L02 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Vqq Lead Potential to Ground Lead 
*lnput Voltage (dc) 
*lnput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (dc) (Output LOW) 

*Either Input Voltage Limit or Input Current is sufficient to protect the inputs. 



-65°Cto+150°C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +5.5 V 

-30 mA to +5.0 mA 

-0.5 V to +Vcc 

+30 mA 



GUARANTEED OPERATING RANGES 










PART NUMBER 


SUPPLY VOLTAGE (Vqc) 


TEMPERATURE 


MIN 


TYP 


MAX 


96L02XM 


4.5 V 


5.0 V 


5.5 V 


-55°C to 125°C 


96L02XC 


4.75 V 


5.0 V 


5.25 V 


0°Cto75°C 



X= package type; F for Ftatpak, D for Ceramic Dip. 



ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise noted) 





CHARACTERISTIC 


LIMITS 


UNITS 




SYMBOL 


MIN 


TYP 

(Note 4) 


MAX 


CONDITIONS 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Threshold Voltage 
For all Inputs 


VjL 


Input LOW Voltage 






0.7 


V 


Guaranteed Input LOW Threshold Voltage 
For all Inputs 


VOH 


Output HIGH Voltage 


2.4 


3.4 




V 


Vcc = MIN, Iqh = -0-36 mA 


Vol 


Output LOW Voltage 




0.14 


0.3 


V 


Vcc = MIN, Iql = 4.80 mA 


l|H 


Input HIGH Current 






20 


mA 


Vcc = MAX, V|N=2.4 V 






1.0 


mA 


Vcc = MAX, V|N=5.5 V 


'IL 


Input LOW Current 




-0.25 


-0.4 


mA 


Vcc = MAX, V|N=0.3 V 


'SC 
'OS 


Output Short Circuit Current 
(Note 5) 


-2.0 




-13 


mA 


Vcc = MAX, VouT = 1-0V 


'CC 


Supply Current 




10 


16 


mA 


Vcc = MAX 



NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchiid Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions, 

3. The specified Limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 
and supply voltages extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating 
ranges. 

4. Typical limits are at Vqq = 5.0 V, T^ = 25°C and maximum loading. 

5. Not more than one output should be shorted at a time. 
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FAIRCHILD LPTTL/MONOSTABLE • 96L02 



SWITCHING CHARACTERISTICS: Ta = 25°C 












SYMBOL 


PARAMETER 


LIMITS 


UNITS 


CONDITIONS 


MIN 


1 TYP j 


MAX 



96L02XM 



tPLH 


Turn Off Delay, Negative Trigger 
Input to True Output 




55 


75 


ns 


Vcc = 5.0 V, Rx = 20kn 
Cx = 0, Cl = 15 pF 


tPHL 


Turn On Delay, Negative Trigger 
Input to Complement Output 




45 


62 


ns 


Vcc = 5.0V, Rx = 20kn 
Cx = 0, Cl = 15 pF 


t<min) 


Minimum True Output Pulse Width 




110 




ns 


Vcc = 5.0 V, Rx = 20 ka 
Cx = 0, Cl= 15 pF 


t 


Pulse Width 


12.4 


13.8 


15.2 


MS 


Vcc = 5.0 V, Rx = 39 k^, Cx = 


= 1000pF 


Rx 


Timing Resistor Range 


20 




100 


ka 




At 


Maximum Change in True Output Pulse 
Width over Temperature Range 




1.3 




% 


Rx = 39kn,Cx = 1000pF 



tPLH 


Turn Off Delay, Negative Trigger 
Input to True Output 




55 


80 


ns 


Vcc ^ 5.0 V, Rx = 20 kn 
Cx = 0, Cl = 15 pF 


tPHL 


Turn On Delay, Negative Trigger 
Input to Complement Output 




45 


65 


ns 


Vcc = 5.0 V, Rx = 20 kn 
Cx = 0, C|_ = 15 pF 


t(min) 


Minimum True Output Pulse Width 




110 




ns 


Vcc = 5.0 V, Rx = 20kn 
Cx = 0, Cl = 15pF 


t 


Pulse Width 


12.4 


13.8 


15.2 


JUS 


Vcc = 5.0 V, Rx = 39 ka,Cx = 1000 pF 


Rx 


Timing Resistor Range 


16 




220 


k^ 




At 


Maximum Chenge in True Output Pulse 
Width over Temperature Range 




0.3 


1.6 


% 


Rx = 39 kn, Cx = 1000 pF 



OUTPUT PULSE WIDTH (t) USIMG LOW VALUES OF Cx (Cx < 1000 pF) 

(FOR Cx > 1000 pF SEE OPERATION RULES 4 AND 5.) 



TO 
0.8 
0.6 
0.4 
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Rx = 200 ki 
Ry= 120 ki 
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Fig. 1 
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FAIRCHILD LPTTL/MONOSTABLE # 96L02 



TYPSCAL PULSE CHARACTERISTICS 



NEGATIVE TRJGGER DELAY TIME 
VERSUS AMBIEMT TEMPERATURE 




MORMALIZED OUTPUT PULSE WIDTH NORMALIZED OUTPUT PULSE WIDTH 

VERSUS OPERATING DUTY CYCLE VERSUS SUPPLY VOLTAGE 



Vcc"" 


V 














-lOOOpF 
- 25'C 










































^ 



































































20 40 







= 39 
- 100 














UJ 


OdF 












-' O 11 
















3 > 














-^ 


o| 1.0 
? > 0.9 

is 

g 

0.8 


\ 








^ 


^^ 






"..^^ 


^ 


^ 




































1 














i 







Ta -AMBIENT TEMPER ATUR E - "C 



■ERATING DUTY CYCLE -% 



5.0 5.5 6.0 

'PLY VOLTAGE- VOLTS 



MIN. OUTPUT PULSE WIDTH 
VERSUS AMBIENT TEMPERATURE 
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T,x - AMBIENT TEMPERATURF 



NORMALIZED OUTPUT PULSE WIDTH 
VERSUS AMBIENT TEMPERATURE 
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TRIGGERING TRUTH TABLE 



LEAD NO'S 
5(11) 4(12) 


3(13) 


Operation 


H->L L 


H 


Trigger 


H L-^H 


H 


Trigger 


X X 


L 


Reset 



L = LOW Voltage Level 

H = HIGH Voltage Level 

L-> H =LOW to HIGH Voltage Level Transition 

H -^ L = HIGH to LOW Voltage Level Transition 

X = Don't Care 



SWITCHEWG CIRCUITS AND WAVEFORMS 



Cx Rx 



115)1 ]i14 



i 



f3:> 



1 



M 






Vcc= 16 
GND = 8 



-r\ 



INPUT PULSE 
f ~ 25 kHz 
Amp ~ 3.0 V 
Width ~ 1 00 ns 
t^ = tf < 1 ns 



/ \ 



\ / 
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96S02 

DUAL RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATOR 



DESCRIPTION- The 96S02 is a Dual Retriggerable and Resettable Monostable which 
uses Schottky technology to provide wide delay range, stability, prediction accuracy and 
immunity to noise. The pulse width is set by an external resistor and capacitor. The 
96S02 may utilize timing resistors to 2 MS7 thus reducing required capacitor values. 
Hysteresis is provided on the positive-going inputs for increased noise immunity. The 
96S02 is fully compatible with all TTL families. 



• REQUIRED TIMING CAPACITANCE REDUCED BY FACTORS OF 
10 TO 100 OVER CONVENTIONAL DESIGNS 

• BROAD TIMING RESISTOR RANGE - 1.5 kU to 2 MQ. 

• OUTPUT PULSE WIDTH IS VARIABLE OVER A 1300: 1 RANGE 
BY RESISTOR CONTROL 

• PROPAGATION DELAY OF 12 ns 

. OUTPUT PULSE WIDTH STABILITY OF ±0.2% OVER 
0°C TO 75°C TEMPERATURE RANGE 

• OUTPUT PULSE WIDTH STABILITY OF ±0.3% OVER 
4.75 V TO 5.25 V POWER SUPPLY RANGE 

• PULSE WIDTH VARIATION OF ±5% FROM UNIT TO UNIT 

• 0.3 V HYSTERESIS ON POSITIVE TRIGGER INPUT 

• OUTPUT PULSE WIDTH INDEPENDENT OF DUTY CYCLE 

• 27nsTO°°OUTPUTPULSE WIDTH RANGE 

• RESETTABLE IN 9 ns 

• SAME PINOUT AS 9602, 96L02 



PIN NAMES 

•o 

Q 
Q 



LOADING (Note a) 



Trigger (Active LOW) Input 
Schmitt Trigger (Active HIGH) input 
Clear (Active LOW) Input 
Pulse (Active HIGH) Output 
Pulse (Active LOW) Output 



HIGH 


LOW 


0.5 U.L. 


0.625 U.L 


0.5 U.L. 


0.625 U.L 


0.5 U.L. 


0.625 U.L 


25 U.L. 


12.5 U.L. 


25 U.L. 


12.5 U.L. 



NOTE: 

a. 1 TTL Unit Load (U.L.) = 40 juA HIGH, 1.6 mA LOW. 



LOGIC SYMBOL 




:=© 



n=E> 




Vcc ' Pi" 16 
GND=Pin 8 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 






"VJ- 



PM 



n 
n 

J 

J- 



*Pins for external timing. 
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FAIRCHILD TTL/MONOSTABLE * 96S02 



FUNCTIONAL DESCRIPTION - The 96S02 Schottky Dual Retriggerable Resettable Monostable Multivibrator has two dc 
coupled trigger inputs per function, one active LOW (Iq) and one active HIGH (i-j). The l-| input utilizes an internal Schmitt 
trigger with hysteresis of 0.3 V to provide increased noise immunity. The use of active HIGH and LOW inputs allows either 
leading or trailing edge-triggering and optional non-retriggerable operation. The inputs are dc coupled making triggering 
independent of input transition times. When input conditions for triggering are met, the Q output goes HIGH and the 
externa! capacitor is rapidly discharged and then allowed to recharge. An input trigger which occurs during the timing cycle 
will retrigger the 96S02 and result in Q remaining HIGH. The output pulse may be terminated {Qto the LOW state) at any 
time by setting the Direct Clear input LOW. Retriggering may be inhibited by tying the Q output to Iq or the Q output to I-j. 
Differential sensing techniques are used to obtain excellent stability over temperature and power supply variations and a 
feedback Darlington capacitor discharge circuit minimizes pulse width variation from init to unit. Schottky TTL output 
stages provide high switching speeds and output compatibility with all TTL logic families. High impedance inputs minimize 
loading and provide compatibility with low power families such as 9LS/74LS. 

OPERATION RULES 

TIMING 

1. An externa! resistor (Rx) and external capacitor (Cx) are required as shown in the Logic Diagram. The value of Rx niay 
vary from 1 .5 kO, to 2 M12. 

2. The value of Cx rnay vary from to any necessary value available, if, however, the capacitor has significant leakage 
relative to Vqq/Rx the timing equations may not represent the pulse width obtained. 

3. Polarized capacitors may be used directly. The (+) terminal of a polarized capacitor is connected to pin 1 (15), the (—) 
terminal to pin 2 (14) and Rx- Pin 1 (15) will remain positive with respect to pin 2 (14) during the timing cycle; however, 
during quiescent (non-triggered) conditions, pin 1 (15) may go negative with respect to 2 (14) depending on values of Rx 
and \fQQ. For values of Rx ^ 1 kl2 the maximum amount of capacitor reverse polarity, pin 1 (1 5) negative with respect 
to pin 2 (14) is 500 mV. Most tantalum electrolytic capacitors are rated for safe reverse bias operation up to 5% of their 
working forward voltage rating; therefore, capacitors having a rating of 10WVDC or higher should be used when 

Rx>iokr^. 

4. The output pulse width ty^ for Rx ^ 10 kO and Cx ^ TOO pF is determined as follows: 



tw = 0.5 RxCx 



Where Rx is in kl2, Cx is in pF Rx is in kO, Cx is in /iF, 



5. The output pulse width for Rx < 10 kQ or Cx < 1000 pF should be determined from pulse width versus Cx or 
Rx graphs. 

6. To obtain variable pulse width by remote trimming, the following circuit is recommended: 



Pin 2 (14) J__ 1^ 

PIN 1(15) VccO- 



AS CLOSE AS POSSIBLE 
TO DEVICE 



7. Under any operating condition, Cx and Rx (min) must be kept as close to the circuit as possible to minimize stray 
capacitance and reduce noise pickup. 

8. Vqq and ground wiring should conform to good high frequency standards so that switching transients on ^qq and 
ground leads do not cause interaction between one shots. Use of a 0.01 to 0.1 iif bypass capacitor between Vqq and 
ground located near the 96S02 is recommended. 
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FAIRCHILD TTL/MONOSTABLE • 96S02 



TRIGGERING 

1. The minimum negative pulse width into Iq is 8 ns; the minimum positive pulse width into l-j is 12 ns. 

2. Input signals exhibiting slow or noisy transitions should use the positive trigger input I-] which contains a Schmitt trigger. 

3. When non-retriggerable operation is required, i.e., when input triggers are to be ignored during quasi-stable state, input 
latching is used to inhibit retriggering. 



'Hhr^wv- 



-^& 






NEGATIVE EDGE-TRIGGER 



POSITIVE EDGE-TRIGGER 



4. An overriding active LOW level direct clear is provided on each multivibrator. By applying a LOW to the clear, any timing 
cycle can be terminated or any new cycle inhibited until the LOW reset input is removed. Trigger inputs will not produce 
spikes in the output when the reset is held LOW. A LOW to HIGH transition on Cq will not trigger the 96S02. 

TRIGGERING TRUTH TABLE 



5(11) 


PIN NO'S. 
4(12) 


3(13) 


OPERATION 


H->L 


L 


H 


Trigger 


H 


L^H 


H 


Trigger 


X 


X 


L 


Reset 



H = HIGH Voltage Level > V|H 

L = LOW Voltage Level <V\]_ 

X = Don't Care (either H or L) 

H->L = HIGH to LOW Voltage Level transition 

L-^H = LOW to HIGH Voltage Level transition 



ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
^CC ^^^ Potential to Ground Pin 

* Input Voltage (dc) 

* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

* Either Input Voltage Limit or Input Current is sufficient to protect the inputs. 
RECOMMENDED OPERATING CONDITIONS 



"65 C to +150 C 

-55°Cto+125°C 

-0.5 V to +7.0 V 

-0.5 V to +5.5 V 

-30 mA to +5.0 mA 

-0.5 V to +Vcc value 

+50 mA 



PARAMETER 


96S02XC 


UNITS 


MIN 


TYP 


MAX 


Supply Voltage VqC 


4.75 


5.0 


5.25 


V 


Operating Free-Air Temperature Range 





25 


75 


C 


Input Loading for Each Input 






0.625 


U.L. 


Fan-out 


12.5 






U.L. 



X = package type; D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAiRCHILD TTL/MONOSTABLE • 96S02 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


(Notel) 


V|H 


Input HIGH Voltage Except Pins 4 & 12 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage Except Pins 4 & 12 






0.8 


V 


Guaranteed Input LOW Voltage 


VCD 


Input Clamp Diode Voltage 




-0.65 


-1.2 


V 


Vcc = MIN, l|M = -18mA 


Vt+ 


Positive-Going Threshold Voltage, 
Pins 4 & 12 




1.7 


2.0 


V 


Vcc = 5.0V,Ta = 25°C 


Vt- 


Negative-Going Threshold Voltage, 
Pins 4 & 12 


0.8 


1.4 




V 


Vcc = 5.0V.Ta = 25°C 


VOH 


Output HIGH Voltage 


2.7 


3.2 




V 


Vcc = MIN, Iqh = -1.0 mA 
V|[\]=0.8 V 


Vol 


Output LOW Voltage 




0.35 


0.5 


V 


Vcc = MIN, ioL"=20 mA, 
V|N = V|H or V|L 


liu 


Input HIGH Current 




0.2 


20 


M 


Vcc = MAX, V,m=2.7 V 


' In 






0.1 


mA 


Vcc = MAX, Vj|vj = 5.5 V 


hL 


Input LOW Current 




-0.6 


-1.0 


mA 


Vcc=IVlAX, V|n=0.5 V 




Capacitor Voltage, Pin 1 (15) 
Referenced to Pin 2 (14) 


-0,85 




3.0 


V 


RX = 1.5 kn 


Vcc = 4.75 V 
to 5.25 V 


Vex 


-0.5 




3.0 


V 


Rx > 10 ka 




-0.4 




3.0 


V 


RX> 1 M^i 


lOS 


Output Short Circuit Current (Note 3) 


-40 


-65 


-100 


mA 


Vcc = MAX, VoUT = V 


'cc 


Quiescent Power Supply Drain 




48 


70 


mA 


Inputs Open 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqq = 5.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 



AC CHARACTERISTICS: T^ = 25C, Vqq 


= 5.0 V, Cl 


= 15 pF (unless otherwise noted) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


CONDITIONS 


MIN 


TYP 


MAX 


tPLH 


Negative Trigger Input to True Output 




10 


15 


ns 




tPHL 


Negative Trigger Input 
to Complement Output 




12 


19 


ns 




tPLH 


Positive Trigger Input to True Output 




12 


19 


ns 




tPHL 


Positive Trigger input 
to Complement Output 




15 


20 


ns 




tPHL 


Clear Input to True Output 




6.5 


10 


ns 




tPLH 


Clear Input to Complement Output 




9.0 


14 


ns 




tW{MIN) 


Min. Negative Trigger 
Pulse Width on Iq 




3.0 


8.0 


ns 




tW(MIN) 


Min. Positive Trigger 
Pulse Width on l-| 




7.0 


12 


ns 




tW(MIN) 


Min. Clear Pulse Width 




3.0 


7.0 


ns 




tW(MIN) 


Min. True Output Pulse Width 


22 


27 


35 


ns 


Rx == 1.5 kn, Cx = stray capacity only 


tW(MIN) 


Min. True Output Pulse Width 


30 


38 


45 


ns 


Rx = 1.5 ka, Cx = 10 pF including stray 
and jig capacitance 


tw 


True Output Pulse Width 


4.9 


5.2 


5.5 


MS 


Vcc = 5.0 V, Rx = 10 kn, Cx = 1000 pF 


Rx 


Timing Resistor Range 


1.5 




2000 


kfZ 


Ta = O'^C to 75° C, Vcc = 4.75 V to 5.25 V 


At 


Max. Change in True Output Pulse 
Width over Temperature Range 




0.38 


1.0 


% 


Ta = 0°C to 75° C, Vcc = 5.0 V, 
RX = 10ki^,Cx = 1000pF 


At 


Max. Change in True Output Pulse 
Width over ^/qC Range 




0.38 


1.0 


% 


Ta = 25° C, Vcc = 4.75 V to 5.25 V, 
Rx = 10 k^2,Cx = 1000 pF 
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FAIRCHILD TTL/MONOSTABLE * 96S02 



TYPICAL CHARACTERISTICS 



OUTPUT PULSE WIDTH 

VERSUS TIMING RESISTOR (Rx) 

AND TIMING CAPACITOR (Cx) 



V^r = 5.0 V 
— Cl=15pF - 


7 


/ 


/ 


\ - 


/ 


- — — p 




Cv " inn n 


./ 


/ 






\/ 




i i 


/ 




/ 


? 


nnn ' f V 


\ 


y 




n 


^ 






/ 


1 






/ 








/ 






/ 


/ 










/ 


Cv n ni iif 


/ 








/ 








]/ 


: „ ,/ 




/ 


/ 


/ 








/ 


A 


^'X 


/ 




/^ 










/ 




\ 




A 


/ 








/ 


/ 










/ 






1 


/ " 










/ 


/ 






1/1 


/^ ' 



10 



100 



1000 



t\^ - OUTPUT PULSE WIDTH (/js) 

'^Guaranteed Limits are 4.9 ms to 5.5 /is. 



OUTPUT PULSE WIDTH VERSUS 

TIMING CAPACITANCE FOR LOW 

VALUES OF Cx (^ 1000 pF) 



10"' 



V 


1 

cc 


= 5.0 V 


1 








^^ 








^ 


- T^ ^ ^j ^ 
Cl - 15 pF 


1 


^ 


^ 


















r^ 


K" 


y^ , 






^ 


R 


X = ^ MS2^ 
, 1 ^--f 1 




r 






-^ 






.—- 


- 






r 


! 

100 kfi^ 




^ 


/ 








u^ 


















j^ 


y^ 


^ 


^ 






^ 






Rx - 10 


il 


^ 


^ 


^ 




^ 


-^ 


-^ 




- 




^ 






r 




^ 




y 








=1 

.....J 






-t' 




^ 


x = 


.5kl 






1 

i 






1 
i 




1 

i 



1000 



Cx - TIMING CAPACITANCE - pF 

*Guaranteed Limits are 4.9 ms to 5.5 ms. 
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FAIRCHILD TTL/MONOSTABLE • 96S02 



TYPICAL CHARACTERISTICS (Cont'd) 



MINIMUM OUTPUT PULSE WIDTH 

VERSUS POWER SUPPLY VOLTAGE 

(NO EXTERNAL TIMING CAPACITOR) 



g 29 

X 

i 

" 27 
i 26 

o 

i 25 

i 24 

23 






l.Bkfi 
.5pF 

15 pF 

u 


i 1 i 

< STRAY 1 


-^ 








^"--^ 


..^ 


^ 




^^^_VcC = "5V 


^^ 


-^ 


'*--«^ 




.CC = 5.0 


--= 






^K..,^ 


::^c^ 














"^ 















NORMALIZED OUTPUT PULSE 

WIDTH VARIATION 

VERSUS AMBIENT TEMPERATURE 



0.4 

0.2 



-0.2 








Cl 


= 15 pF 






K^ 




^x 


= >1000pF 


"-- 


^^ 




1 












=>^ 








"S-^ 


"--. 


N^ 


-0.6 



























DELAY FROM^NEGATIVE TRIGGER 

INPUT Iq to OUTPUTS 
VERSUS AMBIENT TEMPERATURE 

















OUTPUT 


^ 






1--- 


^■^^ 




"^ 












tpLH - TRUE OUTPUT (01 
i 1 f-^ 


■-^ 












^cc" 


5.0 V 










^ 





T, -- AMBIENT TEMPERATURE - "C 



AMBIENT TEMPERATURE - °C 



- AMBIENT TEMPERATURE - "C 



DELAY FROM POSITIVE TRIGGER 

INPUT li TO OUTPUTS 
VERSUS AMBIENT TEMPERATURE 















'f 


HL-CC 


MPLEME 


NTOUTP 


UT (Q) 


.^ 






























TRUED 


UTPUT (C 


1\ 


-^ 










■^cc 


5.0 V 















Ta - AMBIENT TEMPERATURE - °C 



NORMALIZED OUTPUT PULSE WIDTH 
VARIATION VERSUS DUTY CYCLE 























z 


















/ 


5 








KOI, 


}602(REF 


REN 


;eo 


LY) 


/ 


> 


















/ 




o „ 
















y 


96S02 
























I 






















^ 












































<i 























20 40 60 80 100 

DUTY CYCLE - % 



INPUT 
PULSE 



51 n 

11 



fO 




5) (14) 



1 2 



^CC 



q;' 



r^^'' 






Vcc =Pin 16 
GND = Pin 8 



AC CIRCUITS AND WAVEFORMS 



r^ 



/ 



\ 



INPUT PULSE 
f :^ 100 kHz 
Amp ^ 3.0 V 
Width :^ 100 ns 
tr = tf < 5 ns 



\ 



/ 
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pf;iii|||IS;S 



iliilSliilliWS^i^^^^ 




LO\A/ PO\A/ER SCHOTTKY 
AMO IVIACROLOGIC^'^TTL 






iHH^H^HIii»i|^ 




jiiyMpi«|g 







MACROLOGIC^'^ TTL DATA SHEETS 




ORDERING INFORMATION AND 
PACKAGE OUTLINES 




FAIRCHILD FIELD SALES OFFICES, 
SALES REPRESENTATIVES AND 
DISTRIBUTOR LOCATIONS 



1 



9400 MACROLOGIC" TTL SERIES 



GENERAL DESCRIPTION - Fairchild 9400 MACROLOGIC TTL Series utilizes advanced Schottky technology to provide high 
performance peripheral and processor oriented LSI. The design of 9400 ensures maximum design flexibility with no performance 
loss. The MACROLOGIC TTL elements may be used with any bit length, instruction set or organization. Devices may be expanded 
with little or no extra components. Where applicable, bus oriented, 3-state outputs are provided. A new slim 24-pin package re- 
duces PC board real estate by a third. 



• 150-250 GATE COMPLEXITY 

• COMPATIBLE WITH ALL TTL FAMILIES 

• PERFORMANCE EQUIVALENT TO SCHOTTKY IMPLEMENTATION 

• 14, 18 AND SLIM 24-PIN PACKAGES 

• INPUTS ABOUT 1/4 NORMAL TTL LOAD, i.e., 360-400 ^A 

• OUTPUTS DRIVE 16 mA (10U.L.) OR 8mA (5U.L.) DEPENDING ON APPLICATION 

• DESIGNED FORMAXIMUM FLEXIBILITY 

• OPERATES OVER COMMERCIAL OR MILITARY TEMPERATURE RANGE 

ADVANCED SCHOTTKY PROCESS 

The 9400 family uses an advanced Schottky TTL process to obtain the best speed/power product of any commercially available 
digital bipolar circuitry. Key characteristics are as follows: 

• SHALLOW, LOW CAPACITANCE DIFFUSION TO PROVIDE TRANSISTOR fj OF 2 GHz 

• SCHOTTKY DIODES TO ELIMINATE STORAGE TIME 

• INTERNAL GATES 

-30 mils2 (50 GATES PER mm2) 

-5 ns DELAY 

-6.0 pJ DELAY POWER PRODUCT 

• OUTPUT BUFFERS 
-70 mils2 

-6 ns DELAY 

-10 pJ DELAY POWER PRODUCT 
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9401 

CRC GENERATOR/CHECKER 

FAIRCHILD MACROLOGIC™ TTL 



DESCRIPTION - The 9401 Cyclic Redundancy Check (CRC) Generator/Checker 
provides an advanced tool for the implementation of the most wideiy used error 
detection scheme in serial digital data handling systems. A 3-bit control input selects 
one-of -eight generator polynomials. The list of polynomials includes CRC-16 and 
CRC-CCITT as well as their reciprocals (reverse polynomials). Automatic right 
justification is incorporated for polynomials of degree less than 16. Individual clear and 
preset inputs are provided for floppy disc and other applications. The Error Output 
indicates whether or not a transmission error has occurred. Another control input inhibits 
feedback during check word transmission. The 9401 is a member of Fairchild's 
MACROLOGIC TTL family and is fully compatible with all TTL families. 



GUARANTEED 12 MHz DATA RATE 

EIGHT SELECTABLE POLYNOMIALS 

ERROR INDICATOR 

SEPARATE PRESET AND CLEAR CONTROLS 

AUTOMATIC RIGHT JUSTIFICATION 

FULLY COMPATIBLE WITH ALL TTL LOGIC FAMILIES 

14-PIN PACKAGE 

TYPICAL APPLICATIONS: 

FLOPPY AND OTHER DISC STORAGE SYSTEMS 
DIGITAL CASSETTE AND CARTRIDGE SYSTEMS 
DATA COMMUNICATION SYSTEMS 



PIN NAMES 




so- 


S2 


Polynomial Select Inputs 


D 




Data Input 


CP 




Clock (Operates on HIGH to 
LOW Transition) Input 


CWE 




Check Word Enable Input 


P 




Preset (Active LOW) Input 


MR 




Master Reset (Active HIGH) Input 


Q 




Data Output (Note b) 


ER 




Error Output (Note b) 



LOADING (Note a) 



HIGH 


LOW 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L 


0.23 U.L 


0.5 U.L. 


0.23 U.L 


10 U.L. 


5 U.L 


10 U.L. 


5 U.L 



NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 mA HlGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 



LOGIC SYMBOL 





i 


1 1 1 


1 






p 


So Si S2 


CWE 


Q 


1 


D 


9401 
CRC 






1 -o 


CP 


GENERATOR 








MR 


CHECKER 




ER 



Vcc == Pin 14 
GND = Pin 7 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 



•c 


_ V 

CP 


^CC 


3 


c 


p 


-:] 


c 


So 


Q 


-1 


< 


MR 


D 


3 


c 


Si 


CWE 


D 


c 


IM.C. 


N.C. 


J 


< 


GMD 


sO 



Pins 6 and 9 not connected. 

NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 



BLOCK DIAGRAM 



CLOCK 

WASTE R 



POLYNOMlAl 
SELECT 


3 


So 

Si ROM 
S2 


ENABLE 








1 




10 






^ i 


■^ 


^^M^ 


^ 



D le-BlT REGISTER Q 



XF 



Vcc = 14 
GND = 7 
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FAIRCHILD • 9401 



FUNCTIONAL DESCRIPTION - The 9401 Cyclic Redundancy Check (CRC) Generator/Checker is a 16-bit programmable 
device which operates on serial data streams and provides a means of detecting transmission errors. Cyclic encoding and 
decoding schemes for error detection are based on polynomial manipulation in modulo arithmetic. For encoding, the data 
stream (message polynomial) is divided by a selected polynomial. This division results in a remainder which is appended to 
the message as check bits. For error checking, the bit stream containing both data and check bits is divided by the same 
selected polynomial. If there are no detectable errors, this division results in a zero remainder. Although it is possible to 
choose many generating polynomials of a given degree, standards exist that specify a small number of useful polynomials. The 
9401 implements the polynomials listed in Table 1 by applying the appropriate logic levels to the select pins Sq, S-j and S2. 

The 9401 consists of a 16-bit register, a Read Only Memory (ROM) and associated control circuitry as shown in the Block 
Diagram. The polynomial control code presented at inputs Sg, S-j and S2 is decoded by the ROM, selecting the desired 
polynomial by establishing shift mode operation on the register with Exclusive OR gates at appropriate inputs. To generate 
the check bits, the data stream is entered via the Data Inputs (D), using the HIGH to LOW transition of the Clock Input (CP). 
This data is gated with the most significant Output (Q) of the register, and controls the Exclusive OR gates (Figure 1). The 
Check Word Enable (CWE) must be held HIGH while the data is being entered. After the last data bit is entered, the OWE is 
brought LOW and the check bits are shifted out of the register and appended to the data bits using external gating (Figure 2). 

To check an incoming message for errors, both the data and check bits are entered through the D Input with the CWE Input 
held HIGH. The 9401 is not in the data path, but only monitors the message. The Error Output becomes valid after the last 
check bit has been entered into the 9401 by a HIGH to LOW transition of CP. If no detectable errors have occurred during 
the data transmission, the resultant interna! register bits are all LOW and the Error Output (ER) is LOW. If a detectable error 
has occurred, ER is HIGH. ER remains valid until the next HIGH to LOW transition of CP or until the device has been preset 
or reset. 

A HIGH on the Master Reset Input (MR) asynchronously clears the register. A LOW on the Preset Input (P) asynchronously 
sets the entire register if the control code inputs specify a 16-bit polynomial; in the case of 12 or 8-bit check polynomials 
only the most significant 1 2 or 8 register bits are set and the remaining bits are cleared. 

TABLE 1 



SELECT CODE 


POLYNOMIAL 


REMARKS 


S2 


Si 


So 


L 


L 


L 


Xl6+x15+x2+i 


CRC-16 


L 


L 


H 


Xl6+x14+x+1 


CRC-16 REVERSE 


L 


H 


L 


Xl6+x15+x13+x7+x4+x2+x1+1 




L 


H 


H 


Xl2+x11+x3+x2+X-H 


CRC-12 


H 


L 


L 


x8+x7+x5+x4+X+1 




H 


L 


H 


X8+1 


LRC-8 


H 


H 


L 


Xl6+xl2+x5+i 


CRC-CCITT 


H 


H 


H 


Xl6+x11+x4+l 


CRC-CCITT REVERSE 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 



SYMBOL 






LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 




MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VCD 


Input Clamp Diode Voltage 




-0.9 


-1.5 


V 


Vcc = MIN, l|N= -18 mA 


VOH 


Output HIGH Voltage 


XM 


2.4 


3.4 




V 


Vcc = MIN, Iqh = -400 mA 


XC 


2.4 


3.4 




Vol 


Output LOW Voltage 


XM & XC 




0.35 


0.4 


V 


Vcc = MIN, loL = 4-0mA 


XC 




0.45 


0.5 


V 


Vcc = MIN, loL = 8.0 mA 


hu 


Input HIGH Current 




1.0 


40 


mA 


Vcc = MAX, V|N = 2.7 V 


'In 






1.0 


mA 


Vcc = MAX, Vjisi = 5.5 V 


IlL 


Input LOW Current 






-0.36 


nnA 


Vcc = MAX, V|N= 0.4 V 


"OS 


Output Short Circuit Current 


-15 




-100 


mA 


Vcc = MAX, VouT = V (Note 3) 


'cc 


Supply Current 




70 


110 


mA 


Vcc ^ MAX, Inputs Open 
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FAlRCHfLD • 9401 



AC CHARACTERISTICS: Vqq = 5.0 V, T^ = 25°C 





PARAMETER 


LIMITS 


UNITS 








SYMBOL 


M!N 


TYP 

(Note 2) 


MAX 


CONDITIONS 




%iax 


Maximum Clock Frequency 


12 


20 




MHz 


Fig. 3, 4, 5 


Cl = 




tPHL 
tPLH 


Propagation Delay, Clock, MR to Data Output 




30 


55 


ns 




tPHL 
tPLH 


Propagation Delay, Preset to Data Output 




40 


60 


ns 


15pF 


tPHL 
tPLH 


Propagation Delay, Clock, 
MR or Preset to Error Output 




40 


60 


ns 





AC SET-UP REQUIREMENTS: Vqq = 5.0 V, T^ = 25°C 














SYMBOL 


PARAMETER 


LIMITS 


UNITS 




CONDITIONS 


MIN 


TYP 


MAX 


twCP (L) 


Clock Pulse Width (LOW) 


35 






ns 


Fig. 2 




tsD 


Sfit-up Time, Data to Clock 




35 


55 


ns 


Fig. 6 




tgCWE 


Set-up Time, CWE to Clock 




35 


55 


ns 




th 


Hold Time, Data and CWE to Clock 









ns 


€;_= 15pF 


t^,P (L) 


Preset Pulse Width (LOW) 


35 


25 




ns 


Fig. 4 




twMR (H) 


Master Reset Pulse Width (HIGH) 


35 


25 




ns 


Fig. 6 




"'^rec 


Recovery Time, MR and Preset to Clock 




25 


35 


ns 


Fig. 4, 5 





NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the aippiicable 
device type. 

2. Typical limits are at Vqq = 5.0 V, T/j^ = 25" C. 

3. Not more than one output should be shorted at a time. 



EQUIVALENT CIRCUIT FOR X^^+X'^^+X^+l 



"zrr 



n 



7^E>^° 



7^E>"' 



^w. ^^'^ 



Fig. 1 
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FAIRCHILD • 9401 



CHECK WORD 

ENABLE 

(NOTE 1 AND 3) 



Q 9401 

CRC 
GENERATOR/ 
CP CHECKER 

MR 



3^^E> 



!>3ZH 



NOTES: 

1. Check word Enable is HIGH while data is being clocked, LOW during transmission of check bits. 

2. 9401 must be reset or preset before each computation. 

3. CRC check bits are generated and appended to data bits. 



Fig. 2 
CHECK WORD GENERATION 



>^ 



QORER I 



/ 



\,. 



Fig. 3 
PROPAGATIONDELAYS, 
CPTOGANDCPTOER 



=^ 



/ 



■ ^mm Vi, 



Fig. 4 

PROPAGATION DELAYS, P TO Q AND ER 

PLUS RECOVERY TIME P TO CP 




Fig. 5 

PROPAGATION DELAYS, MR TO Q AJSID ER 

PLUS RECOVERY TIME, MR TO CP 



/mmm 



\^ 



Fig. 6 

SET-UPAND HOLD TIMES, 

DTOCPANDCWETOCP 
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9403 

FIRST-IN FIRST-OUT (FIFO) BUFFER MEMORY 

FAIRCHILD MACROLOGIC™ TTL 



DESCRIPTION - The 9403 is an expandable fall-through type high-speed First-ln 
First-Out (FIFO) Buffer Memory optimized for high speed disc or tape controllers and 
communication buffer applications. It is organized as 16 words by four bits and may be 
expanded to any number of words or any number of bits (in multiples of 4). Data may be 
entered or extracted asynchronously in serial or parallel, allowing economical implemen- 
tation of buffer memories. 

The 9403 has 3-state outputs which provide added versatility. It is a member of 
Fairchild's TTL MACROLOGIC family and is fully compatible with all TTL families. 



12 MHz SERIAL OR PARALLEL DATA RATE 

SERIAL OR PARALLEL INPUT 

SERIAL OR PARALLEL OUTPUT 

EXPANDABLE WITHOUT EXTERNAL LOGIC 

3-STATE OUTPUTS 

FULLY COMPATIBLE WITH ALL TTL FAMILIES 

24-PIN PACKAGE 



PIN NAMES 

D0-D3 

Ds 
PL 
CPSI 

lis 

ffS 
OES 

TOS 

TOP 
MR 
EO 
CPSO 

Q0-Q3 
IRF 

ORE 



Parallel Data Inputs 

Serial Data Input 

Parallel Load Input 

Serial Input Clock (Operates on 

Negative-Going Transition) 

Serial Input Enable (Active LOW) 

Transfer to Stack Input (Active LOW) 

Serial Output Enable Input 

(Active LOW) 

Transfer Out Serial Input 

(Active LOW) 

Transfer Out Parallel Input 

Master Reset (Active LOW) 

Output Enable (Active LOW) 

Serial Output Clock Input 

(Operates on Negative-Going Transition) 

Parallel Data Outputs (Note b) 

Serial Data Output (Note b) 

Input Register Full Output 

(Active LOW) (Note b) 

Output Register Empty Output 

(Active LOW) (Note b) 



LOADING (Note a) 



HIGH 


LOW 


0.5 U.L 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L 


0.5 U.L. 


0,23 U.L. 


130 U.L. 


10 U.L. 


10 U.L. 


10 U.L. 


10 U.L. 


5 U.L. 


10 U.L. 


5 U.L. 



fSfOTES: 

a. 1 unit load (U.L.) = 40 nA HIGH, 1 .6 mA LOW. 

b. Output fan-out with Vql ^ 0-5 V 
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NOTE: 




The Flatpak version 


has the same 


pinouts (Connection 
Dual In-Line Package. 


Diagram) as the 
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-INPUT DATA- 



9 



rT~^ 



o 



NPUT REG 'STACK 



(PULSE DERIVED FROM TTS) 



Y 



9 9 



-DATA INPUTS TO STACK- 



Fig. 1 
CONCEPTUAL INPUT SECTION 



-OUTPUT FROM STACK- 



LOAD FROM STACK 



JT' 



Iv ?? ? 



p-O CP Q O 



^ 



s— — -oLJ' 



TOP <^„«*/^ 



^>- 





INITIALIZE 



O--' 



y ^ ^ ^ ^ 

^ l^ ^^— OUTPUT DATA^--^^ ^J 



Fig. 2 
CONCEPTUAL OUTPUT SECTION 



^ 
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BLOCK DIAGRAM 



(s) CPSI- 

®ils- 

(W) TTS- 



(u) MR- 



@OES- 

@ tOP- 

(t4)T0S- 

(le) cpso- 



® = 



VdD ^ Pin 24 
Vss= Pin 12 
(_) = Pin Numbers 



INPUT 
CONTROL 



s 



XX 



OUTPUT 
CONTROL 



) 



© ©0© 
ID3 1^2 I Dl I Do 



INPUT DATA 
INPUT REGISTER 



^ 



14 X 14 STACK 



) 



OUTPUT REGISTER 
OUTPUT DATA 



|°3 |°2Y°lT°0 



@@@@ 



© 



@ 



t^ 



FUNCTIONAL DESCRIPTION - As shown in the Block Diagram the 9403 consists of three parts: 

1. An Input Register with Parallel and Serial Data Inputs as well as control inputs and outputs for input handshaking and 
expansion. 

2. A 4-bit wide, 14-word deep Fall-Through Stack with self-contained control logic. 

3. An Output Register with Parallel and Serial Data Outputs as well as control inputs and outputs for output handshaking 
and expansion. 



Since these three sections operate asynchronously and almost independently, they will be described separately below: 



INPUT REGISTER (DATA ENTRY): 

The Input Register can receive data in either bit-serial or in 4-bit parallel form, store it until it is sent to the Fall-Through 
Stack and generate and accept the necessary status and control signals. 

Figure 1 is a conceptual logic diagram of the input section. As described later, this 5-bit register is initialized by setting the F3 
Flip-Flop and resetting the other flip-flops. The Q Output of the last Flip-Flop (FC) is brought out as the "Input Register 
Full" output (I RF). After initialization this output is HIGH. 
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PARALLEL ENTRY: 

A HIGH level on the PL Input loads the Dq — D3 Data Inputs into the FO — F3 F!ip-F!ops and sets the FC Flip-Flop, which 
forc es IRF LOW, indicating "i nput Register Full". The D Inputs must be stable while PL is HIGH. During parallel entry, the 
Fes input should be LOW; the GPS! input may be either HIGH or LOW. 

SERIAL ENTRY; 

Dat a on the DS Input is serially entered into the F3, F2, F1, FO, FC Shift Register on each HIGH-to-LOW transition of the 
GPS! Clock Input, provided lES and. PL are LOW. 

After th e fo urth clock transition the four serial data bits are aligned in th e four data flip-flops and the FC Flip-Flop is set, 
forcing IRF LOW (Input Register full) and internally inhibiting further CPSi clock pulses. Figure 3 illustrates the final 
positions in a 9403 resulting from a 64-bit serial bit train. BO is the first bit, B63 the last bit. 

TRANSFER TO THE FALL-THROUGH STACK: 

The outputs of Fiip-Flops FO — F3 feed the Stack. A LOW level on the TTS Input attempts to initiate a "fall -through" 
action. If the top location of the Stack is empty, data is loaded into the Stack and the input register is re-initialize d. No te that 
this initialization is postponed until PL is LOW again. Thus, automatic FIFO action is achieved by connecting the IRF output 
to the TTS input. 

Data falls through the Stack automatically, pausing only when it is necessary to wait for an empty next location. In the 9403, 
as in most modern FIFO designs, the MR input only initializes the Stack control section and does not clear the data. 

OUTPUT REGISTER {DATA EXTRACTION): 

The Output Register receives 4-bit data words from the bottom Stack location, stores it and outputs data on a 3-state 4-bit 
parallel data bus or on a 3-state serial data bus. The output section generates and receives the necessary status and control 
signals. Figure 2 is a conceptual logic diagram of the output section. 



Do Do Do D. Dn 



OUTPUT 

REGISTER B3 B2 Bl BO 



Qo Qo Q. Qo 



Fig. 3 

FINAL POSITIONS IN A 9403 RESULTING 

FROiVl A 64-BIT SERIAL TRAIN 



PARALLEL DATA EXTRACTION: 

When the FIFO is empty after a LOW pulse is applied to MR, the Output Register Empty (ORE) Output is LOW. After data 
has been entered into the FIFO and has fallen through to the bottom Stac k location, it is transferred into the output reg ister, 
provided the "Transfer Out Parallel" (TOP) Input is HIGH, and the OES input is LOW. As a result of the data transfer ORE 
goes HiGH, indicating valid data on the d ata ou tputs (provided the 3-stat8 buffer is enabled). TOP can now be used to clock 
out the next word. When TOP goes LOW, ORE will go LOW indicating that the output data has been extracted, but the data 
itself remains on the output bus until the next LOW-to-HIGH tran sition of TO P tra nsfers the next word (if available) into the 
output register as explained above. During parallel data extraction, TOS, CPSO, and OES should be LOW. 

SERIAL DATA EXTRACTION: 

When the FIFO is empty after a LOW pulse is applied to MR, the Output Register Empty (ORE) output is LOW. After data 
has been entered into the FIFO and has fal len t hrough to the bottom Stack locati on, i t is transfe rred into the output shift 
register provided the "Tran sfer Out Serial" (TOS) is LOW. TOP must be HIGH, and OES and GPSO must be LOW. As a result 
of the data transfer ORE goes HIGH indicating valid data in the shift register. The 3-state serial Data Output Qg is 
automaticall y enab led and puts the first data bit on the output bus. D ata is serially shifted out on the HIGH-to-LOW 
transition of GPSO. The fourth transition empties t he sh ift register, forces ORE LOW and disables the serial output Qg. For 
serial operation the ORE output may be tied to the TOS input, requesting a new word from the Stack as soon as the previous 
one has been shifted out. 
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EXPANSION: 

Vertical Expansion — The 9403 may be vertically expanded to store more words without external parts. The interconnections 

necessary to form a 46-word by 4-bit FIFO are shown in Figure 4. Using the same technique, any FIFO of 15n + 1 words by 

four bits can be constructed. Note that expansion does ot sacrifice any of the FIFO's flexibility for serial/parallel input and 

output. 
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Fig. 4 
A VERTICAL EXPANSION SCHEME 



Horizontal Expansion — The 9403 may also be horizontally expanded to store long words (in multiples of four bits) without 
external logic. The interconnections necessary to form a 16-word by 12-bit FIFO are shown in Figure 5. Using the same 
technique, a ny F IFO of 16 words by 4 X n bits can be constructed. When expanding in the horiz onta l dire ction, it is usual to 
connect the IRF and ORE outputs of the right most device (most significant device) to the TTS and TOS inputs respectively 
of all devices to the left (less significant devices) to guarantee that no operation is initiated before all devices are ready. 

As in the vertical expansion scheme, horizontal expansion does not sacrifice any of the FIFO's flexibility for serial/parallel 
input and output. 
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Fig. 5 
A HORIZONTAL EXPANSION SCHEME 
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Fig. 6 
A 31 X 16 FIFO ARRAY 
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Horizontal and Vertical Expansion — The 9403 can be expanded in both the horizontal and vertical direction without any 
external parts and without sacrificing any of the FIFO's flexibility for serial/parallel input and output. The interconnections 
necessary to form a 31-word by 16-bit FIFO are shown in Figure 6. Using the same technique, any FIFO of 15ni -^- 1 words 
by 4 X n2 bits can be constructed. 

Figures 7 and 8 show the timing diagrams for serial data entry and extraction for the 31-word by 16-bit FIFO shown in 
Figure 6. The final position of data after serial insertion of 496 bits into the FIFO array of Figure 6 is shown in Figure 9. 
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SERIAL DATA ENTRY FOR ARRAY OF FIG. 6 
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Fig. 8 
SERIAL DATA EXTRACTION FOR ARRAY OF FIG. 6 
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Fig. 9 
FINAL POSITION OF A 496-BIT SERIAL INPUT 



INTERLOCKING CIRCUITRY: 

Most conventional FIFO designs provide status signals analogous to IRF and ORE. However, when these devices are operated 
in arrays, variations in unit to unit operating speed require external gating to assure all devices have completed an operation. 
The 9403 incorporates simple but effective "master/slave" interlocking circuitry to eliminate the need for external gating. 

In the 9403 array of Figure 6 devices 1 and 5 are defined as "row masters" and the other devices are slaves to the master in 
their row. No slave in a given row will initialize its Input Register until it has received LOW on its lES input from a row 
master or a slave of higher priority. 

In a similar fashion, the ORE outputs of slaves will not go HIGH until their OE S input has gone HIGH. This interlocking 
scheme ensures that new input data may be accepted by the array whe n the IRF output of the final slave in that row goes 
LOW and that output data for the array may be extracted when the ORE of the final slave in the output row goes HIGH. 

The row master is established by connecting its lES input to ground while a slave receives its lE S in put from the IRF output 
of the next higher priority device. When an array of 9403 FIFOs is initialized with a LOW on the MR inputs of all devices, the 
IRF outputs of all devices will be HIGH. Thus, only the row master receives a LOW on the lES input during initia lizat ion. 
Figu re 10 is a conceptual logic diagram of the i ntern al circuitry which determines master/slave operation. Whenever MR and 
lES are LOW, the master latch is set. Whenever TTS goes LOW the request initialization flip-flop will be set. If the master 
latch is HIGH, the input register will be immediately init ialized and the request initialization flip-flo p rese t. If the master 
latch is reset, the input register is not initialized until lES goes LOW. In array operation, activating the TTS initiates a ripple 
input register initialization from the row master to the last slave. 

A similar operation takes place for the output register. Either a TOS or TOP input initiates a load-fr om-st ack operation and 
sets the ORE request fli p-flop . If the master latch is set, t he la st Output Register flip-flop is set and ORE goes HIGH. If the 
master latch is reset, the ORE output will be LOW until an OES input is received. 



TABLE 1 



OUTPUT CONDITION 


INTERNAL STATE 


Master Operation — 

IBS LOW when Initialized 


Slave Operation — 

IBS HIGH when Initialized 


IRF LOW 


Input Register Full 


Input Register Full and IBS LOW 


ORE HIGH 


Output Register not Full 


Output Register not Full and OES LOW 



Table 1 summarizes master/slave status outputs. 
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Fig. 10 
CONCEPTUAL DIAGRAM, INTERLOCKING CIRCUITRY 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 




SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


VlH 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


ViL 


Input LOWVoltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.9 


-1.5 


V 


Vcc^ MIN, 1|N = -18 mA 


VOH 


Output HIGH Voltage 
QS, ORE, OES 


XM 


2.4 


3.4 




V 


Vcc = MIN, IQH = -400 mA 


XC 


2.4 


3.4 




VOH 


Output HIGH Voltage, Qq-Q^ 


XM 


2.4 


3.4 




V 


Iqh = -2.0 mA 


Vcc = MIN 


XC 


2.4 


3.1 




Iqh = -5.7 mA 


Vol 


Output LOW Voltage, Q0-Q3, Qs 




0.25 


0.4 


V 


Vcc = MIN, loL = 8.0 mA 




0.35 


0.5 


V 


Vcc = MIN, IoL= 16 mA 


Vol 


Output LOW Voltage, ORE, OES 




0.25 


0.4 


V 


lOL'^^.O mA 


Vcc = MIN 




0.35 


0.5 


!0L"= 8.0 mA 


'OZH 


Output Off Current HIGH, Q0-Q3, Qg 






100 


ma 


Vcc = MAX, VquT = 2.4 V, V^ = 2 V 


'OZL 


Output Off Current LOW, Q0-Q3, Qs 






-100 


ma 


Vcc = MAX, VquT = 0-5 V, Ve = 2 V 




Input HIGH Current 




1.0 


40 


mA 


Vcc = MAX, V|M = 2.7 V 


'iH 






1.0 


mA 


Vcc=MAX, V||sj = 5.5V 




Input LOW Current, all except OES 
OES 






-0.36 


mA 


Vcc = MAX, V|M -0.4 V 


'iL 






-0.86 


lOS 


Output Short Circuit Current, ORE, OES 


-10 




-42 


mA 


Vcc= MAX, Vqut = V 


•os 


Output Short Circuit Current, Qq-Qs, Qs 


-30 




-100 


mA 


Vcc = MAX, Vqut = 0' (Note 3) 


•cc 


Supply Current 




105 


160 


mA 


Vcc = MAX, Inputs Open 
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NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at S/qq = 5.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 

AC CHARACTERISTICS: Vqc = 5.0 V, Ci_ = 1 5 pF, T^ = 25°C 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


COMMENTS 


MIN 


TYP 


MAX 


tPHL 


Propagation Delay, Negative-Going CP 
to IRF Output 




18 




ns 
ns 


Stack not full, PL LOW, Figures 11 & 12 


tPLH 


Propagation Delay, Negative-Going TTS to IRF 




50 




tPLH 


Propagation Delay, Negative-Going CPSO 




30 




ns 


Serial Output OES LOW, TOP HIGH, 
Figures 13 & 14 


tPHL 


to Qs Output 




20 




tPLH 


Propagation Delay, Positive-Going TOP 




42 




ns 


EO, CPSO LOW, Figure 15 


tPHL 


to Outputs Qq - Q3 




32 




tPHL 


Propagation Delay, Negative-Going CPSO to ORE 




35 




ns 


Serial Output OES LOW, TOP HIGH, 
Figures 13& 14 


tPLH 


Propagation Delay, Positive-Going TOS to ORE 








tpHL 


Propagation Delay, Negative-Going TOP to ORE 








ns 


Parallel Output, EO, CPSO LOW, 
Figure 15 


tPLH 


Propagation Delay, Positive-Going TOP to ORE 




45 




tft 


Fall Through Time 




450 




ns 


TTS connected to IRF 
TOS connected to ORE 
IES,OES, EO, CPSO LOW, 
TOP HIGH, Figure 16 


tPLH 


Propagation Delay, Negative-Going TOS 
to Positive-Going ORE 




48 




ns 


Data in stack, TOP HIGH, Figures 13 & 14 


tPHL 


Propagation Delay, Positive-Going PL 
to Negative-Going IRF 




35 




ns 


Stack not full. Figures 17 & 18 


AC SET-UP REQUIREMENTS: V^c = 5.0 V, Cl = 1 5 pF, T^ = 25°C 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


COMMENTS 


MIN 


TYP 


MAX 


tpWH 


CPSI Pulse Width (HIGH) 




25 




ns 


Stack not full. PL LOW, Figures 11 & 12 


tPWL 


CPSi Pulse Width (LOW) 




12 




ns 


tpWH 


PL Pulse Width (HIGH) 




30 




ns 


Stack not full. Figures 17 & 18 


tPWL 


TTS Pulse Width (LOW) Serial or Parallel Mode 




6.0 




ns 


Stack not full. Figures 11, 12, 17, 18 


tPWL 


MR Pulse Width (LOW) 




15 




ns 


Figure 16 


tPWH 


TOP Pulse Width (HIGH) 




17 




ns 


CPSO LOW, Data available in stack. 
Figure 15 


tPWL 


TOP Pulse Width (LOW) 




25 




ns 


tPWH 


CPSO Pulse Width (HIGH) 




16 




ns 


TOP HIGH, Data in stack. Figures 13 & 14 


tPWL 


CPSO Pulse Width (LOW) 




20 




ns 


ts 


Set-Up Time 0$ to Negative CPSI 




20 




ns 


PL LOW, Figures 1 1 & 12 


ts 


Set-up Time, TTS to IRF Serial or Parallel Mode 









ns 


Figures11,12, 17, 18 


ts 


Set-Up Time Negative-Going ORE to 
Negative-Going TOS 









ns 


TOP HIGH, Figures 13 & 14 


tree 


Recovery Time MR to any Input 




5.0 




ns 


Figure 16 
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f^ 



Fig. 11 
SERIAL INPUT, UNEXPANDED OR MASTER OPERATION 

Conditions: Stack not full, lES, PL LOW 
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— *-j Vhl 




3V-Jn- 



_/: 



JF^ 



\ 



p- 



f^ 



Fig. 12 
SERIAL INPUT, EXPANDED SLAVE OPERATION 

Conditions: Stack not full, IeS HIGH when initialized, PL LOW 






JtpLH 



Qs 1.3 V- 




-»-| VwL h<— 






/ 



|-*-'^PWL->-| 



Fig. 13 
SERIAL OUTPUT, UNEXPANDED OR MASTER OPERATION 

Conditions: Data in stack, TOP HIGH, TeS LOW when initialized, OES LOW 
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/ 
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Fig. 14 
SERIAL OUTPUT, SLAVE OPERATION 

Conditions: Data in stack, TOP HIGH, lES HIGH when initialized 



Q0-Q3 



\ 



■\ 



h 






fi: 



/PLH 



X 



NEW OUTPUT 



Fig. 15 
PARALLEL OUTPUT, 4-BIT WORD OR MASTER IN PARALLEL EXPANSION 



Conditions: lES LOW when initialized, EG, CPSO LOW. Data available in stack 






3G- 



Fig. 16 
FALL THROUGH TIME 



Conditions: TTS connected to IRF, TOS connected to ORE, lES, OES, EO, CPSO LOW, TOP HIGH 
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TTS (NOTE 2)' 




\ i F 



NOTES: 

1. Initi alization requires a mas ter re set to occur after power has been applie 

2. TTS normally connected to IRF. 

3. If stack is full, [RE will stay LOW. 



Fig. 17 
PARALLEL LOAD MODE, 4-BIT WORD (UNEXPANDED) OR MASTER IN PARALLEL EXPANSION 



Conditions: Stack not full, lES LOW when initialized 




Fig. 18 
PARALLEL LOAD, SLAVE MODE 

Conditions: Stack not full, device initialized (Note 1) with lES HIGH 
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9404 

DATA PATH SWITCH 

FAIRCHILD MACROLOGIC™ TTL 



DESCRIPTION - The 9404 Data Path Switch (DPS) is a combinatorial array for closing 
data path loops around arithmetic/logic networks such as the 9405 (Arithmetic Logic 
Register Stack). A total of 30 instructions (see Table 1) facilitate logic shifting, masking, 
sign extension, introduction of common constants and other operations. 

The 5-bit Instruction Word Inputs (I0-I4) selects one of the thirty instructions operating 
on two sets of 4-bit Data Inputs (D0-D3, K0-K3). Left Input (U) and Left Output (LO) 
and Right Input (Rl) and Right Output (RO) are available for expansion in 4-bit 
increments. An_actiye LOW Output Enable Input (EO) provides 3-state control of the 
Data Outputs (O0-O3) for bus oriented applications. 

The 9404 is a member of Fairchild's MACRO LOGIC TTL family and is fully compatible 
with all TTL families. 



EXPANDABLE IN MULTIPLES OF FOUR BITS 

20 ns DELAY OVER 16-BIT WORD (EXCEPT SIGN EXTEND FUNCTION) 

TWO 4-BIT DATA INPUT BUSSES 

4-BIT DATA OUTPUT BUS WITH 3-STATE OUTPUT BUFFERS 

USEFUL FOR BYTE MASKING AND SWAPPING 

PROVIDES ARITHMETIC OR LOGIC SHIFT 

PROVIDES FOR SIGN EXTENSION 

GENERATES COMMONLY USED CONSTANTS 

PURELY COMBINATORIAL - NO CLOCKS REQUIRED 

PACKAGED IN SLIM 24-PIN PACKAGE 



PIN NAMES 

D0-D3 D-Bus Inputs (active LOW) 

K0-K3 K-Bus Inputs (active LOW) 

I0-I4 Instruction Word Input 

U_ Shift Left Input (active LOW) 

LO Shift Left Output (active LOW) (Note b) 

RT Shift Right Input (active LOW) 

RO Shift Right Output (active LOW) (Note b) 

EO Output Enable Input (active LOW) 

Oo~03 Data Output (active LOW) (Note b) 

NOTES: 

a) 1 Unit Load (U.L.) = 40 juA HIGH, 1.6 mA LOW 

b) Output current measured at Vqut ~ ^-^ ^ 



LOADING (Note a) 



HIGH 


LOW 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


10 U.L. 


5.0 U.L. 


0.5 U.L. 


0.23 U.L 


10 U.L. 


5.0 U.L. 


0.5 U.L. 


0.23 U.L. 


130 U.L. 


10 U.L. 



LOGIC SYMBOL 



7 6 15 17 19 21 23 





i Uii iiii A 


-J 


LI D3 D2 Dt Dp K3 K2 Kt Kq Rl 
'0 


— 


I2 9404 

DATA PATH SWITCH 
'3 


- 


EO 

LO O3 O2 0-1 Oq RO 



fTTTTT 

13 14 16 18 20 10 



vcc - 

GND -- 



Pin 24 
Pin 12 



CONNECTION DIAGRAM 
DIP (TOP VIEW) 




NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Paci<age. 
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BLOCK DIAGRAM 



® 

©i 

®' 

0' 
©I 

@i 

®i 

® 

® 



© 
® 
® 
© 

o 



-t:^ 



n 






- LO @ 
-O3 @ 
-O2 @ 

■Ot @ 

- RO © 



Vcc = Pin 24 
GND = Pin 12 
O = Pin Number 



TABLE 1 
INSTRUCTION SET FOR THE 9404 



INPUTS 


OUTPUTS 


FUNCTJON 


INPUTS 


OUTPUTS 


FUNCTION 


•4 «3 


«2 


h 


«0 


O3 O2 


O1 


oo 


«4 


«3 


«2 


h 


»0 


LO 


O3 O2 


Oi 


Oo 


RO 


L L 


L 


L 


L 


L 


L 


L 


L 


Byte Mask 


H 


L 


L 


L 


L 


m 


Rl Ri 


Rl 


Rl 




K-Bus Sign Extend 


L L 


L 


L 


H 


H 


H 


H 


H 


Byte Mask 


H 


L 


L 


L 


H 


K3 


K3 K2 


Kl 


Ko 




K-Bus Sign Extend 


L L 


L 


H 


L 


L 


L 


L 


H 


Minus "2" in 2s Compel) 


H 


L 


L 


H 


L 


Rl 


Rl Ri 


Rl 


Rl 




D-Bus Sign Extend 


L L 


L 


H 


H 


L 


L 


L 


L 


Minus "1" in 2s Comp^'') 


H 


L 


L 


H 


H 


D3 


D3 D2 


Di 


Dq 




D-Bus Sign Extend 


L L 


H 


L 


L 


D3 


D2 


D1 


Do 


Byte Mask D-Bus 


H 


L 


H 


L 


L 


D3 


D2 Di 


Do 


Rl 




D-Bus Shift Left 


L L 


H 


L 


H 


H 


H 


H 


H 


Byte Mask D-Bus 


H 


L 


H 


L 


H 


K3 


K2 Kl 


Kq 


Rl 




K-Bus Shift Left 


L L 


H 


H 


L 


D3 


O2 


Di 


Do 


Byte Mask D-Bus 


H 


L 


H 


H 


L 




LI D3 


D2 


Di 


Dq 


D-Bus Shift Right 


L L 


H 


H 


H 


L 


L 


L 


L 


Byte Mask D-Bus 


H 


L 


H 


H 


H 




D3 D3 


D2 


Di 


Do 


D-Bus Shift Right Arith<2) 


L H 


L 


L 


L 


L 


H 


H 


H 


Negative Byte Sign Mask 


H 


H 


L 


L 


L 




LI K3 


K2 


Kl 


Ko 


K-Bus Shift Right 


L H 


L 


L 


H 


H 


H 


H 


H 


Positive Byte Sign Mask 


H 


H 


L 


L 


H 




K3 K3 


K2 


Kl 


Ko 


K-Bus Shift Right Arith(2) 


L H 


L 


H 


L 


K3 


K2 


Kl 


KO 


Byte Mask K-Bus 


H 


H 


L 


H 


L 




K3 K2 


Kl 


Kq 




Byte Mask K-Bus 


L H 


L 


H 


H 


L 


L 


L 


L 


Byte Mask K-Bus 


H 


H 


L 


H 


H 




H H 


H 


H 




Byte Mask K-Bus 


L H 


H 


L 


L 


D3 


D2 


Dl 


Do 


Load Byte 


H 


H 


H 


L 


L 




D3 D2 


Di 


Do 




Complement D-Bus 


L H 


H 


L 


H 


K3 


K2 


Kl 


Ko 


Load Byte 


H 


H 


H 


L 


H 




K3 K2 


Kl 


Kq 




Complement K-Bus 


L H 


H 


H 


L 


H 


H 


H 


L 


Plus"1" 


H 


H 


H 


H 


L 












Undefined (Reserved) 


L H 


H 


H 


H 


" 


H 


H 


H 


Zero 


H 


H 


H 


H 


H 












Undefined (Reserved) 



H = HIGH Level 
L = LOW Level 



(1) Comp = Complement 

(2) Arith = Arithmetic 



FUNCTIONAL DESCRIPTION - The 9404 Data Path Switch combines the functions of a dual 4-input multiplexer, a true/ 
complement one/zero generator, and a shift left/shift right array. 

As shown in Table 1, there are two shift right modes. The arithmetic right shift preserves the sign bit in the most significant 
position while the logic shift moves all positions. Right shift is defined as a 1-bit shift toward the least significant position. 

For half-word arithmetic the 9404 provides instructions which extend the sign bit left through the more significant slices. 
Shift linkages are available as individual inputs and outputs for complete flexibility. 

The 9404 may be used to generate constants +1, 0, —1 and —2 in 2s complement notation. 
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9404 ARRAYS — Arrays of larger than 4-bit word lengths are easily obtained. Figure 1 illustrates a 16-bit array constructed 
using four devices; device 1 is the least significant and device 4 is the most significant slice. Within each slice, inputs and 
outputs with '0' subscript are the least significant bits. 

The j-j through I4 inputs of all devices are bussed. These four bus lines together with the Iq inputs of the devices form an 8-bit 
instruction bus to control the array. In some applications, it may be possible to connect the Iq. inputs of devices 1 & 2 
together and thejo Inputs of devices 3 & 4 together, so that only six bits are needed to control the arrays. Connecting the LO 
of device 1 to R I of device 2, LO of device 2 to Rl of device 3, etc. provides left shift (i.e., shift towards most significant bit) 
and sign extension. From Table 1 it can be seen that "sign extend" consists of two adjacen^ instructions differing only in Iq; 
one of these instructions connects the most significant bit of the selected input bus (i.e., D3 or K3) to the LO output while 
the other instruction forces the output bus and LO to the Rl input. In a similar fashion right shift operation is accomplished 
by connecting the LI input of a device to the RO of the next more significant device. 




OUTPUT BUS 



Fig. 1 16-BIT 9404 ARRAY 
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 



SYMBOL 






LIMITS 


UNITS 




-T-i/^Mo IKi ^ ^\ 




MIN 


TYP 


MAX 




V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.9 


-1.5 


V 


Vcc = MIN, l|N = -18 mA 


VOH 


Output HIGH Voltage 
LO, RO 


XM 


2.4 


3.4 




V 


Vcc = MIN,loH^-400iuA 


XC 


2.4 


3.4 




VOH 


Output HIGH Voltage 
O0-O3 


XM 


2.4 


3.4 




V 


Iqh = -2.0 mA 


Vcc = MIN 


XC 


2.4 


3.1 




Iqh = -5.7 mA 


'OH 


Output HIGH Current 






100 


mA 


Vcc = M|N, Vqh = 5.5 V 


Vol 


Output LOW Voltage 
LO,RO 




0.3 


0.4 


V 


Vcc = MIN, loL= 4.0 mA 


0.4 


0.5 


V 


Vcc = MIN, loL = 8.0 mA 


Vol 


Output LOW Voltage 
O0-O3 




0.3 


0.4 


V 


Vcc = MIN, loL = 8.0 mA 


0.4 


0.5 


V 


Vcc = MIN, loL"= 16 mA 


•02H 


Output Off Current HIGH 






100 


mA 


Vcc = MAX, VouT = 2.4 V, Vg = 0.8 V 


'ozl 


Output Off Current LOW 






-100 


mA 


Vcc = MAX, Vqut = 0-5 V, Ve = 0.8 V 


l|H 


Input HIGH Current 




1.0 


40 
1.0 


mA 


Vcc = MAX, V,N = 2.7 V 
Vcc = MAX, V|N = 5.5 V 


'IL 


Input LOW Current 






-0.36 


mA 


Vcc = MAX, V|N = 0.4 V 


'OS 


Output Short Circuit Current 


-30 




-100 


mA 


Vcc = MAX, Vqut = V (Note 3) 


'cc 


Supply Current 




76 




mA 


Vcc " MAX, Inputs Open 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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AC CHARACTERISTICS: Vcc = 5.0 V, Ta == 25°C, Cl = 15 pF 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 




MIN 


TYP 


MAX 




tPLH 
tPHL 


Propagation Delay, 

Data Inputs ( D0-D3, K0-K3) to Output (O0-O3) 




20 




ns 




tPLH 
tPHL 


Propagation Delay, 

Data Inputs {D0-D3, K0-K3) to Shift Outputs (LO, RO) 




18 




ns 




tPLH 
tPHL 


Propagation Delay, rT to LO 




25 




ns 


EO LOW 


tPLH 
tPHL 


Propagation Delay, 

Instruction Word (Iq-'b) to Data Outputs (O0-O3) 




22 




ns 




tPLH 
tPHL 


Propagation Delay, 

Instruction Word (Iq-Jb) to Shift Outputs (RO, LO) 




22 




ns 




tPZH 
tPZL 


Enable Delay, EO to Outputs {O0-O3) 




12 




ns 




tPLZ 
tPHZ 


Disable Delay, EO to Outputs (O0-O3) 




8 




ns 
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9405 

ARITHMETIC LOGIC REGISTER STACK 

FAIRCHILD MACROLOGIC™ JTL 



DESCRIPTION — The Arithmetic Logic Register Stack (ALRS) is designed to implement 
genera! registers in high performance- programmable digital systems. The device contains 
a 4-bit arithmetic logic unit (ALU), an 8-word by 4-bit RAM, and associated control logic. 
The ALU implements eight arithmetic and logic functions where one 4-bit operand is 
supplied from an external source (input data bus) and the second 4-bit operand is supplied 
internally from one of the eight RAM words selected by the Address Inputs (A0-A2). The 
result of the operation is loaded into the same RAM location and simultaneously, is 
loaded into the output register making it available at the 3-state output data bus. 

The 9405 operates on four bits of data but features are provided for expansion to longer 
word lengths. Carry Propagate and Carry Generate Outputs are provided for an external 
carry lookahead where maximum operating speed is required. In applications where high 
speed arithmetic is not needed, ripple expansion may also be implemented. The 9405 
provides three status signals: Zero, Negative and Overflow. These qualify the result of an 
operation. The 9405 is a member of Fairchild's MACROLOGIC TTL family and is fully 
compatible with all TTL families. 

• EIGHT GENERAL REGISTERS/ACCUMULATORS IN A SINGLE PACKAGE 

• HIGH SPEED - 10 MHz MICROINSTRUCTIOIM RATE 

• EXPANDABLE IN MULTIPLES OF FOUR BITS 

• PROVIDES FOR RIPPLE OR LOOKAHEAD CARRY 

• IMPLEMENTS 64 MICROINSTRUCTIONS 

• PROVIDES STATUS - ZERO, NEGATIVE, AND OVERFLOW 

• 3-STATE OUTPUTS 

• 24-PIN PACKAGE 



PIN NAMES 

D0-D3 Data Inputs (Active LOW) 

Ao~A2 Address Instruction Inputs 

I0-I2 ALU Instruction Inputs (Note b) 

MSS Most Significant Slice Input (Active HIGH) 

CP Clock Input 

EO Output Enable Input (Active LOW) 

EX Execute Input (Active LOW) 

O0-O3 Data Outputs (Active LOW) 

W Ripple Carry Output (Active LOW) (Note c) 

X Carry Propagate Output (Note d) 

Y Carry Generate Output (Note e) 

Z Zero Status Output (Active HIGH, Open 
Collector) (Note f) 

NOTES: 

a) 1 Unit Load (U.L.)=40iuA HIGH, 1.6 mA LOW (0.5 V). 

b) \q used also for Carry Input on lesser significant slices. 

c) W Output also carries instruction information. 

d) X Output provides Negative Status (active LOW) on most significant slice. 

e) Y Output provides Overflow Status (active LOW) on most significant slice. 

f) An external pull-up resistor is required to supply HIGH level drive capability. 



LOADING (Note a) 



HIGH 


LOW 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


130 U.L. 


10 U.L. 


10 U.L. 


5 U.L. 


10 U.L. 


5 U.L. 


10 U.L. 


10 U.L. 




5 U.L. 



LOGIC SYMBOL 




2 3 4 23 5 6 21 19 17 15 

1 1 1 1 M nn 






Aq a, A2 Io Ii l2 Dq D, D2 D3 




1—0 


EX W 


13 


' 


CP 9405 X 
MSS ALRS 


C^io 


22 — 


EO ^ 

Oq Ol 02 03 2 


0—11 




nu 1 

20 18 16 14 9 




Vcc = Pin 24 


GND = Pin 12 


CONNECTION DIAGRAM 




DIP (TOP VIEW 




'L 


EX ^-^ Vcc 


J 2^ 


^C 


Ao 'o 


J 23 


3L 


A^ EO 


J 22 


^L 


A2 Do 


J 21 


'L 


U Oq 


:]2o 


eL 


'2 Di 


J ^9 


'd 


CP 6^ 


J 18 


"Q 


MSS D2 


J- 


^z 


z 02 


J 15 


,„[H 


X D3 


J 15 


"C 


Y O3 


J 14 


12 c 


GND W 


J 13 
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BLOCK DIAGRAM 



® 



(§) 



® 



® 



D ^ 



© 



.® 



® 



INSTRUCTION 
DECODER 



^|o 



®. 



®, 



_^. 



^ 



i_LJLJLJ' 



WE Dq D^ D2 D3 

Aq 

Ai 8X4 RAM 

A2 

Qq Q-, Q2 Q3 



OUTPUT 
REGISTER 



(D. 



4 



TABLE 1 
INSTRUCTION FIELD ASSIGNMENT 



"2 n lo 


INTERNAL OPERATION 


L L L 


Rx plus D-Bus plus 1 -> Rx 


Accumulate 


L L H 


Rx plus D-Bus-^ Rx 


Accumulate 


L H L 


Rx - D-Bus-^ Rx 


Logic AND 


L H H 


D-Bus -» Rx 


Load 


H L L 


Rx -^ Output Register 


Output 


H L H 


Rx + D-Bus -> 


Logic OR 


H H L 


Rx e D-Bus -» Rx 


Exclusive OR 


H H H 


D-Bus -> Rx 


Load Complement 



NOTES: 

1 . Rx is the RAM location addressed by A0-A2. 

2. Tine result of any operation is always loaded into the Output Register. 
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FUNCTIONAL DESCRIPTION ~ As shown in the Block Diagram the 9405 Arithmetic Logic Register Stack (ALRS) consists 
of a 4-bit ALU, an 8-word by 4-bit RAiVI with output latches, an instruction decode network, control logic and a 4-bit 
Output Register, 

The ALU receives the active LOW input data (DQ-D3) as one operand while the RAM provides the second operan^ through 
latches. The ALU output is stored in both the RAM and output register. The active LOW Output Data Bus {O0-O3) is 
obtained from the output register through 3-state buffers. An active LOW Output Enable (EO) input controls these buffers; a 
HIGH level EO disables the buffers (high impedance state). 

The instruction bus for the 9405 consists of two fields, A and I; A0-A2 specify the desired location of the RAM and I0-I2 
specify the desired function to be performed. Table 1 lists Instruction Field Code assignments. Thus, the 9405 provides eight 
registers (Rg-Ry) and eight different operations may be performed on any of these registers. The I0-I2 Inputs are decoded 
by the instruction decode network to generate necessary control signals for the ALU. The ALU also generates and transmits 
to the control logic the following signals: Carry Out, Carry Propagate, Carry Generate, Negative Status and Overflow Status. 
The control logic manipulates the status signals as a function of io-l2 ^^^ ^ control input MSS. A HIGH on the MSS Input 
declares the most significant slice in a 9405 array (the diode-input on MSS allows it to be tied directly to Vcc)- All devices, 
except the most significant 9405 should have a LOW level (ground) on the MSS Input. The control logic generates three device 
outputs, W, X and Y for arrayed operation. An all zero result from the ALU is decoded and presented at the open collector 
Zero Status (Z) Output. 

The Iq input serves a dual purpose. For arithmetic instructions, it is used as the carry input and for non-arithmetic instructions 
it serves as an instruction input. This is possible because only two arithmetic instructions require carry. The dual purpose use 
of Iq plays an important role in 9405 expansion schemes. 

OPERATION ~ The 9405 operates on a single clock. CP and EX aremputs to a 2-input active LOW AND gate. A microcycle 
starts as the clock goes HIGH. For normal operation the Execute (EX) is LOW. Data is read from the RAM through enabled 
latches and applied as one operand to the ALU. Data inputs (D0-D3) are applied to the ALU as the other operand and the 
operation as determined by instruction lines Iq-'? 'S executed. When CP is LOW, the latches are disabled and the result of the 
operation is written back into the RAM provided that EX is LOW. The A lines must obviously be held stable during this time. 
On the LOW-to-HIGH CP transition, the result of the operation is loaded into the output register and a new microcycle can 
start. If EX is held HIGH, the operation selected by the I and A Inputs is performed, but the result is not written back into 
the RAM and is not clocked into the output register. 

9405 ARRAYS — The 9405 is organized to operate on a 4-bit wide data bus but can easily be expanded for longer words. 
Expansion requires that carries from lesser significant slices be propagated towards th£^ most significant slice. The 9405 
provides full lookahead capability for high speed arithmetic. Appropriate Carry Generate (Y) and Carry Propagate (X) outputs 
are provided so that only one external carry lookahead generator is needed for every four 9405s. When speed is not a prime 
consideration, it is possible to implement ripple carry expansion. 

In arrayed operation, it is common to bus the EX, CP and EO Inputs of all devices. The Z Output is open collector and is 
normally OR-tied with the other devices and to an external load resistor so that a HIGH level indicates a zero result from an 
operation in the array. 

Figure 1 shows a ripple carry 16-bit wide array using four 9405s. The MSS input is tied to Vcc on the most significant slice 
(ALRS 4); the MSS inputs of the other devices are tied to ground. The instruction bus of this array consists of A-Field and 
l-Field. A-Field is obtained by connecting corresponding A ipputs of all four devices. The Iq input of device 1 (i.e., least 
significant slice) in conjunction with the bussed I1, I2 Inputs forms the l-Fieid for the array. The Iq Inputs of devices 2, 3 and 
4 are connected to the W Outputs of devices 1, 2 and 3 respectively. The ALU network generates the carry propagate output. 
The control logic operates on this signal as a function of I-] and I2 to generate the W Output. If both l-j and I2 are LOW (i.e., 
an arithmetic instruction), the W Output is the carry output of that slice. In case of non-arithmetic instructions, it assumes 
the state of the Iq input. Thus, in Figure 1, if an arithmetic instruction is specified, carry propagates through the W Output to 
Iq Input of the next higher significant slice. On the other hand, non-arithmetic instructions effectively connect all Iq Inputs 
together to form the l-Field for the array. The W Output of device 4 is the carry output from the array. The control logic also 
generates X and Y Outputs which participate in expansion when full carry lookahead is required. These outputs are normally 
ignored in ripple expansion except for the most significant slice. In the most significant slice, X and Y correspond to Negative 
and Overflow status signals. 

Thus, X Output of device_4 is LOW, if the result of an operation has its most significant bit as "1" (i.e., negative result). 
Similarly a LOW level on Y output of device 4 indicates that arithmetic overflow has occured. If the two operands_have the 
same sign and the result has opposite sign, then it is assumed that an overflow has occurred. It should be noted that W, X and 
Y are not controlled by EX or CP. Figure 2 shows a 16-bit array with full carry lookahead expansion. Implementation of the 
lookahead scheme requires the use of an externa! 93S42/74S182 in addition to the four 9405s in the array. Since device 1 is 
the least significant and device 4 is the most significant slice, the MSS Inputs of the first three devices are connected to 
ground while device 4 has a HIGH at this input. The A-Field for the array instruction bus is obtained by connecting 
corresponding A Inputs of all four devices. Bussed I-] and I2 Inputs together with the Iq Input of device 1 form the l-Field for 
the array. The \q Inputs for devices 2, 3 and 4 are obtained from the 93S42/74S182 Carry Outputs (Cn-i-x, Cn+y, and Cn-i-z 
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respectively). Also the P and G Inputs of 93S42/74S1_82 are connected to X and Y Outputs of the 9405s as shown. The 
control logic in the 9405 (see Block Diagrann) generates X and Y Outputs as a function of l-j , I2 ^^'^ MSS Inputs as well as the 
Carry Generate^ and Carry Propagate Outputs of the ALU. If the MSS Input of a slice is LOW and an arithnnetic instruction is 
specified, its X Output reflects Carry Propagate and Y reflects Carry Generate Outputs from that slice. For an arithmetic 
instruction the \q Input is treated as carry-in into a slice irrespective of IVISS. Thus, whenever l-i and I2 are LOW, the array 
behaves_as an adder with full carry lookahead. The W Outputs still reflect carry output, which is ignored for devices 1, 2 and 
3. The W Output of device 4 is the carry output from the array. Also, note that the Iq Input of device 1 is not only an 
instruction input but also provides the carry input to the array so the Iq Input of device 1 must be connected to the 
appropriate 93S42/74S182 input as shown. 

When a non-arithmetic instruction is specified to the array, the control logic of the 9405 forces a LOW on X and a HIGH on 
Y Outputs_on all except the most significant slice. An examination of the 93S42/74S182 logic reveals that whenever P is 
LOW and G is HIGH the associated carry output is the same as the carry input. Thus, in Figure 2 devices 2, 3, and 4 will 
assume the logic level as that presented to the Iq Input of device 1_during non-arithmetic instructions effectively bussing Iq 
through all four devices. As in the case of ripple expansion X and Y Outputs of device 4 represent Negative and Overflow 
from the array. 
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Fig. 1 RIPPLE CARRY EXPANSION 
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CP E0O0O1O2O3 Z 
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Fig 2. CARRY LOOKAHEAD EXPANSION 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (IMote 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


xc 






0.8 


VCD 


Input Clamp Diode Voltage 




-0.9 


-1.5 


V 


Vcc = IVlIN, l||Nj = -18mA 


VOH 


Output HIGH Voltage 
W, X Outputs 


XM 


2.4 


3.4 




V 


Vcc ^ MIN, IQH = -400 jLiA 


XC 


2.4 


3.4 




VOH 


Output HIGH Voltage 
O0'Ol.O2.O3 


XM 


2.4 


3.4 




V 


l0H = -2.0 mA 


Vcc = IVIIN 


XC 


2.4 


3.1 




Iqh = -5.7 mA 


•oh 


Output HIGH Current 
Z Output 






100 


mA 


Vcc = MIN, VoH- 5.5 V 


Vol 


Output LOW Voltage 
W, X, Z 




0.3 


0.4 


V 


Vcc = MIN, Iql = 4.0 mA 




0.4 


0.5 


V 


Vcc = MIN, IQL- 8.0 mA 


Vol 


Output LOW Voltage 
Oo,Oi,02,03,Y 




0.3 


0.4 


V 


Vcc = MIN, 'OL = 8.0 mA 




0.4 


0.5 


V 


Vcc = MIN, Iql = 16 mA 


'OZH 


Output Off Current HIGH 






100 


ma 


Vcc = I^AX, Vqut = 2.4 V, Ve = 2 V 


'OZL 


Output Off Current LOW 






-100 


mA 


Vcc = MAX, Vqut = 0-5 V, Ve =^ 2 V 


l|H 


Input HIGH Current 




1.0 


40 


juA 


Vcc = MAX, V|N = 2.7 V 






1.0 


mA 


Vcc = MAX, V|N = 5.5 V 


l|L 


Input LOW Current 






-0.36 


mA 


Vcc = MAX, V|N = 0.4 V 


'OS 


Output Short Circuit Current 


-30 




-100 


mA 


Vcc = MAX, Vqut = V (Note 3) 


'cc 


Supply Current 




100 


160 


mA 


Vcc ^ MAX, Inputs Open 


NOTES: 

1. For conditions, shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vqc = 5.0 V, T/x = 25°C. 

3. Not more than one output should be shorted at a time. 

AC SET-UP REQUIREMENTS: Vqc = 5.0 V, Ta = 25°C, Cl = 15 pF, See Fig. 3 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


tew 


Clock Period 




75 




ns 




tPWH 


Clock Pulse Width (HIGH) 




30 






tpWL 


Clock Pulse Width (LOW) 




20 






tjEX 


Set-Up Time, EX to CP 











thlX 


Hold Time, EX to CP 











tsAI 


Set-Up Time, Aq, A-j, A2 to Negative 
Going CP (Note 1) 




25 




ns 




tsA2 


Set-Up Time, Aq, A-], A2 to 
Positive Going CP (Note 1) 




70 




ns 


EX LOW 


thA 


Hold Time, Aq, A-] , A2 to Positive 
Going CP 




5 




ns 


tsD 


Set-Up Time, Dg, D-j, D2, D3 to Positive 
Going CP 




45 




ns 


thD 


Hold Time, Dq, Di , D2, D3 to Positive 
Going Clock 




-20 




ns 


ts' 


Set-Up Time, Ig, I-], I2 to Positive Going Clock 




50 




ns 


thi 


Hoi dTime, Iq, I-|, I2 to Positive Going Clock 









ns 


NOTE: 

1. Both set-up times must be met simultaneously. 
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AC CHARACTERISTICS: Vqc ^ 5.0 V, Ta = 25°C, Cl - 15 pF, See Fig. 3 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


tpLH 
tPHL 


Propagation Delay, Positive Going CP to Oq, 0^, O2, O3 




25 




ns 


EO, EX LOW 


tPLH 
tPHL 


Propagation Delay, Iq to W 




15 




ns 


I1 or I2 HIGH 


tPLH 
tPHL 


Propagation Delay, Data (Dq, D-j, D2, D3) to W 




35 




ns 


l-j, I2 LOW 


tPLH 
tPHL 


Propagation Delay, Data (Dq, D-|, D2, D3) to X, Y 




50 




ns 


MSS HIGH 


I1J2 
LOW 


25 




ns 


MSS LOW 


^PLH 
tpHL 


Propagation Delay, i^ I2 to X, Y 




22 




ns 


MSS LOW 


tPLH 
tPHL 


Propagation Delay, Data (Dq, D-|, D2, D3) to Z 




55 




ns 


1 kl2 External Load 
Resistor to Vqq 


tPLH 
tPHL 


Propagation Delay, Iq to W 




40 




ns 


iq, I2 LOW 


tPLH 
tPHL 


Propagation Delay, l-j, I2 to W 




15 




ns 


h, I2 LOW 




40 




tPLH 
tPHL 


Propagation Delay, D3 to X 




50 




ns 


h, I2 HIGH 
MSS HIGH 


tPLH 
tPHL 


Propagation Delay, Address (Aq, Aq, A2) to X, Y 




55 




ns 


ll. I2 LOW 
MSS LOW 


^PLH 
tPHL 


Propagation Delay, Address (Aq, Aq, A2) to X, Y 




70 




ns 


h, I2 LOW 
MSS HIGH 


tPLH 
tPHL 


Propagation Delay, Address (Aq, Aq, A2) to X 




70 




ns 


h, I2HIGH 
MSS HIGH 


tPLH 
tPHL 


Propagation Delay, Address (Aq, A-j, A2) to W 




55 




ns 


1-1, I2 LOW 


tPLH 
tPHL 


Propagation Delay, Address (Aq, Aq, A2) to Z 




70 




ns 


h, I2 LOW 


tPLH 
tPHL 


Propagation Delay, I-], I2 to X, Y 




20 




ns 


h, I2LOW 
MSS HIGH 


45 




ns 


tPLH 
tPHL 


Propagation Delay, Iq to X, Y 




50 




ns 


h, I2LOW 
MSS HIGH 


tPLH 
tPHL 


Propagation Delay, l|, I2 to Z 




42 




ns 


h, I2 LOW 


tPLH 
tPHL 


Propagation Delay, Iq to Z 




25 




ns 


h, I2 LOW 


tPZH 
tPZL 


Enable Delay, EO to Outputs Oq, O-j, O2, O3 




12 




ns 




tpLZ 
tPHZ 


Disable Delay, EO to Oq, Oq, O2, O3 




10 




ns 
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Aq, a,, A2 



Uq,u^, U2. U3 



'O' 'v '2 







Oq, 01,02,03 



^ 



-tpHLO tpHLO 



-tpHL^/tpLHW (Notea)- 



W/tp, hW (Note b)- 



-ipHLVv/ipLH' 



tpHL, tpLH FROM ADDRESS INPUTS- 



^PHL_ 
^PLH 



-tpHL- tpLH "^ROM ADDRESS INPUTS- 



/PHL 



- DELAY FROM DATA 
-DELAY FROM I INPUTS 
-DELAY FROM A INPUTS 



JK 



NOTES: 

a) Delay for logical operation (I1 or I2 HIGH) 

b) Delay for arithmetic operation (I-) = I2 = LOW) 



Fig. 3 ALRS TIMING DIAGRAM 
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9406 

PROGRAM STACK 

FAIRCHILD MACROLOGIC™ JTL 



DESCRIPTION - The 9406 is a 16-word by 4-bit "Push-Down Pop-Up" Program Stack. 
It is designed to implement Program Counter (PC) and return address storage for nested 
subroutines in programmable digital systems. The 9406 executes 4 instructions: Return, 
Branch, Call and Fetch as specified by a 2-bit instruction. When the device is initialized, 
the Program Counter (PC) is in the top location of the Stack. As a new PC value is 
"pushed" into the Stack (Call Operation), all previous PC values effectively move down 
one level. The top location of the Stack is the current PC. Up to 16 PC values can be 
stored, which gives the 9406 a 15 level nesting capability. "Popping" the Stack (Return 
Operation) brings the most recent PC to the top of the Stack. The remaining two 
instructions affect only the top location of the Stack. In the BraiTch operation a new PC 
value is loaded into the top location of the Stack from the Dq -- D3 Inputs. In the Fetch 
operation, the contents of the top Stack location (current PC value) are put on the 
Xq — X3 bus and the current PC value is incremented. 

The 9406 may be expanded to any word length without additional logic. 3-State output 
dnvers_are provided on the 4-bit Address Outputs (Xq ~ X3) and Data Outputs, 
(Oq — O3); the X-Bus Outputs are enabled internally during the Fetch instruction while 
the 0-bus Outputs are controlled by an Output Enable (EOq). Two status outputs. Stack 
Full (SF) and Stack Empty (SE) are provided- The 9406 is a member of Fairchild's 9400 
MACROLOG IC TTL family, and is fully compatible with all TTL families. 



16-WORD BY 4-BIT LIFO 

15-LEVEL NESTING CAPABILITY 

10 MHz MICROINSTRUCTION RATE 

PROGRAM COUNTER LOADS FROM DATA BUS 

OPTIONAL AUTOMATIC INCREMENT OF PROGRAM COUNTER 

STACK LIMIT STATUS INDICATORS 

24-PIN PACKAGE 

3-STATE OUTPUTS 



PIN NAMES 



■^0-^3 



LOADING (Note a) 



!o:h 

EX 
CP 

MR 

ci 

EOo __ 

O0-O3 

CO 
SF 

SE 



Data Inputs (Active LOW) 

Instruction Inputs 

Execute Input (Active LOW) 

Clock Input 

Master Reset Input (Active LOW) 

Carry Input (Active LOW) 

Output Enable Input (Active LOW) 

Output Data Outputs (Active LOW) 

(Note b) 

Address Outputs (Note b) 

Carry Output (Active LOW) (Note b) 

Stack Full Output (Active LOW) 

(Note b) 

Stack Empty Output (Active LOW) 

(Note b) 



HIGH 


LOW 


0.5 U.L 


0.23 U.L 


0.5 U.L. 


0.23 U.L 


0.5 U.L. 


0.23 U.L 


0.5 U.L. 


0.23 U.L 


0.5 U.L. 


0.23 U.L 


0.5 U.L 


0.23 U.L 


0.5 U.L. 


0.23 U.L 


130 U.L. 


10 U.L 



130 U.L 
10 U.L 
10 U.L. 

10 U.L. 



10 U.L 
5 U.L 
5 U.L 

5 U.L 



NOTES: 

a. 1 unit load (U.L.) = 40 ^A HIGH. 1.6 mA LOW. 

b. Output fan-out with Vql < 0-5 V. 



LOGIC SYMBOL 



2 3 21 19 17 15 



1-0 

22-0 



uu 



MR "0 Ul "2 U3 Xo Xi X2 X3 



TTTTT 

6 20 18 16 14 



0~13 
0-5 

0-4 



Vqd "= Pin 24 
Vss = Pin 12 



CONNECTION DIAGRAM 
DIP (TOP VIEW) 



'C 


EX 


Vy vcc 


3« 


^L 


lo 


CI 


J 23 


»L 


'l 


EOo 


J 22 


^C 


SE 


Do 


J 2, 


'C 


SF 


Oo 


J 20 


'L 


MR' 


Dl 


:]" 


'L 


CP 


O1 


3,8 


»L 


Xo 


D2 


3" 


'^ 


Xl 


O2 


J,e 


»□ 


X2 


D3 


3^'- 


'C 


X3 


O3 


J» 


'C 


GND 


CO 


3" 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FUNCTIONAL DESCRIPTION - As shown in the Block Diagram, the 9406 consists of an input multiplexer, a 16 X 4 RAM 
with output latches addressed by the Stack Pointer (SP), an^ incrementor, control logic, ajid output buffers. The 9406 is 
organized around three 4-bit busses; the Input Data Bus (Dq — D3), Output Data Bus (Oq — O3) and the Address Bus 
(Xq — X3). The 9406 implements four instructions as determined by Inputs j£Land li- (See Table 1). The 0-Bus is derived 
from the RAM output latches and enabled by the active LOW Output Enable (EOq) Input. The X-Bus is also derived from the 
output latches; it is enabled internally during the Fetch instruction. Execution of instructions is controlled by the Execute 
(EX) and Clock (CP) Inputs. 

FETCH OPERATION - The Fetch Operation places the content of the current Program_Counter (PC) on the X-Bus. If the 
Carry In (CI) is LOW, the current PC is incremented in preparation for the next Fetch. If CI is HIGH, the value of the current 
program is unchanged, (Iterative Fetch). 

The instruction code is set up on the I lines when CP is HIGH. The active level LOW Execute (EX) is normally set up at this 
time as well. The control logic interprets Ig and l-j and selects the incrementor output as the data source to the RAM via the 
input multiplexer. The current PC value is loaded into the latches and Is available on the 0-Bus if EOq is LOW. When CP is 
LOW the output latches are disabled from following the RAM output, when both CP and EX are LOW, buffers are enabled, 
applying the current PC to the X-Bus. The output of the incrementor is written into the RAM during the period when CP and 
EX are LOW. If CI is LOW, the value stored in the current PC, plus one, is written into the RAM. If CI is HIGH, the current 
PC is not mcremented. Carry Out (CO) is LOW when the contents of the current PC is at its maximum, e.e., all ones and the 
Carry In (CI) is LOW. When CP or EX goes HIGH, writing into the RAM is inhibited and the Address Buffers (Xq - X3) are 
disabled. 

BRANCH OPERATION - During a Branch Operation, the Data Inputs (Dq — D3) are loaded into the current program 
counter. 

The instruction cod e and the EX Input are set up when CP is HIGH. The Stack Pointer remains unchanged. When CPgoes 
LOW (assuming EX is LOW) the D-Bus Inputs are written into the current PC. The X-Bus drivers are not enabled during a 
Branch Operation. 

CALL OPERATION — During a Call Operation the content of the Data Bus is loaded into the top location of the stack and 
all previous PC values are effectively moved down one level. 

The Instruction code and the EX Input are set up when CP is HIGH. When EX is LOW, a "one" is added to the Stack Pointer 
value thus incrementing the RAM address. Since the output latches go to the nontransparent or store mode when CP is LOW, 
the 0-Bus outputs will reflect the RAM output at the CP negative-going transition. If EX goes LOW considerably before CP 
goes LOW, the 0-Bus will correspond to the previous contents of the incremented RAM address after CP goes LOW. If CP 
goes LOW a very short time after EX, the 0-Bus will remain unchanged until the LOW to HIGH transition of CP. 

When CP is LOW (assuming EX is LOW) the D-Bus Inputs are written into this new RAM location. On the LOW-to-HIGH CP 
transition, the incremented Stack Pointer value is loaded into the Stack Pointer Register and the O-Bus Outputs reflect the 
newly entered data. When the RAM address is "1111" the Stack Full Output (SF) is LOW, indicating that no further Call 
operations should be initiated^lf an additional Call Operation is performed SP is incremented to (0000), the contents of that 
location will be written over, SF will go HIGH and the Stack Empty (SE) will go LOW. 

The X-Bus drivers are not enabled during a Call operation. 

RETURN OPERATION — During the Return operation the previous PC is "popped" to become the current PC. 

The instruction is set up when CP is HIGH. When EX is LOW, a "one" is subtracted from the Stack Pointer value, thus 
decrementing the RAM address. If EX goes LOW considerably before CP goes LOW, the 0-Bus will correspond to the new 
value after EX goes LOW. If CP goes LOW a short time after EX, the 0-Bus will remain unchanged until the LOW to HIGH 
transition of CP, 

On the LOW-to-HIGH CP transition the decremented Stack Pointer value Is loaded into the Stack Pointer Register and the 
O-Bus Outputs correspond to the new "popped" value. 

The X-Bus drivers are not enabled during a return operation. When the RAM address is "0000", the Stack Empty Output 
(^) is LOW, indicating that no further return operations should be initiated. If an additional Return operation is performed, 
SP is decremented to "1111", the SE will go HIGH and the Stack Full Output (SF) will go LOW. Operation of the active 
LOW Master Reset (MR) causes the SP to be reset and the contents of that RAM location (0000) to be cleared. The Stack 
Empty (SE) output goes LOW. This operation overrides all other inputs. 

MULTIPLE 9406 OPERATION — The 9406 may be expanded to any word length in multiples of four without external logic. 
The connection for expanded operation is shown in Figure 1. Carry In (^1) and Carry Out (CO) are connected to provide 
automatic increment of the current program counter during Fetch. The CI Input of the least significant 9406 is tied LOW 
to ground. 

If automatic increment during Fetch is not desired, the CI Input of the least significant 9406 is held HIGH. 
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BLOCK DIAGRAM 



(D 'o- 
(D '1- 



(6) MR- 
@ CP- 
m EX- 



D3 D2 Di Do 



RETURN (POP) 



CALL (PUSH) 



BRANCH (LOAD PC) 



FETCH (INCREMENT PC) 



D3 D2 D^ Dq 
CP 4 BIT REGISTER 

3 Q2 Qi Qq 



MR Qo Q, Q^ Qo 




X3 X2 X^ Xq 



-<i^ 



QAX<l. 



Vcc = Pin 24 
GND = Pin 12 
O = Pin Nunnbers 



SB SF 

© © 



o 



'3 '2 '1 '0 
INCREMENTER 

X3 X2 X-, Xq 



^^> 



U 12 



f 



.'OD 'OC 'oB 'OA 'id 'iC 'iB 'iA 

QUAD 2-HMPUTMUX 

^D ^-C ^B ^A 



t^ 



Y 



@ 




D3 D2 D^ Do 



^3 Q3 Q2 Qi Qo 

I I I 1 : 



D3 D2 Di Do 

4-BIT LATCH 
O3 Q2 Qt Qq 



K 



@ (© 



X3 Xj X, Xo 

© ® ® (D 



DATA INPUT 



10 h Do Dl 132 D3 



MR Qq Oi O2 O3 Xq Xi X2 X3 



■^ ff p 



IQ h Do Di D2 D3 



MR Oq Oi O2 O3 Xq X, Xg X3 



000 



Iq h Do Di D2 D3 



MR Oq 0, O2 O3 Xq X, X2 X3 
-9-9 



— CARRY OUT 
-STACK FULL 

— STACK EMPTY 



Oq 6i 62 O3 Xo X, X2 X3 



O4 06 06 O7 X4 X5 X6 X7 



; OgOioOn Xg XgXiQX,! 



ADDRESS BUS 



*Tie to \/qc ^^ disable automatic incrennent. 

Fig. 1 
9406 EXPANSION A 16 BY 12 PROGRAM STACK 
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TABLE 1 
INSTRUCTION SET FOR THE 9406 



"1 lo 


INSTRUCTION 


INTERNAL OPERATION 


X-BUS 


0-BUS (WITH EOq LOW) 


L L 


Return (Pop) 


Decrement Stack Pointer 


Disabled 


Depending on the relative timing of EX and 
CP, the outputs will reflect the current pro- 
gram counter or the new value while CP is 
LOW. When CP goes HIGH again, the 
output will reflect the new value. 


L H 


Branch (Load PC) 


Load D-Bus into Current 
Program Counter Location 


Disabled 


Current Program Counter until CP goes 
HIGH again, then updated with newly 
entered PC value. 


H L 


Call (Push) 


Increment Stack Pointer and 
Load D-Bus into New Program 
Counter Location 


Disabled 


Depending on the relative timing of EX and 
CP, the outputs will reflect the current pro- 
gram counter or the previous contents of 
the incremented SP location. When CP goes 
HIGH again, the outputs will reflect the 
newly entered PC value. 
See Figure 9 for details. 


H H 


Fetch 
(Increment PC) 


Increment Current Program 
Counter if CI is LOW 


Current Program Counter 
while both CP and EX are LOW, 
disabled while CP or EX is HIGH 


Current Program Counter until CP goes 
HIGH again, then updated with 
incremented PC value. 



H = HIGH Level 
L = LOW Level 



DC CHARACTERISTICS OVER OPERATION TEMPERATURE RANGE 


unless otherwise noted) 




SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


xc 






0.8 


VCD 


Input Clamp Diode Voltage 




-0.9 


-1.5 


V 


Vcc = MIN, l|M = -18 mA 


VOH 


Output HIGH Voltage 
CO, SE, sF 


XM 


2.4 


3.4 




V 


Vcc = MIN, Iqh = -400 mA 


XC 


2.4 


3.4 




VOH 


Output HIGH Voltage 
Xo-X3,Oo-03 


XM 


2.4 


3.4 




V 


Iqh = -2.0 mA 


Vcc ^ MIN 


XC 


2.4 


3.1 




Iqh = -5-7 mA 


Vol 


Output LOW Voltage 
CO, Se", SF 




0.25 


0.4 


V 


Vcc = MIN, loL = 4.0 mA 


0.35 


0.5 


Vcc = MIN, loL = 8.0 mA 


Vol 


Output LOW Voltage 
xo - X3, Oo - O3 




0.25 


0.4 


V 


Vcc = MIN, loL = 8.0 mA 


0.35 


0.5 


Vcc = MIN, loL = 16 mA 


'OZH 


Output Off Current HIGH 






100 


M 


Vcc = MAX, VoUT = 2.4 V, V^ = 2 V 


'OZL 


Output Off Current LOW 






-100 


mA 


Vcc = MAX, VouT = 0-5 V, Ve = 2 V 


tlLl 


Input HIGH Current 




1^0 


40 


juA 


Vcc = MAX,V,M=2.7 V 




1.0 


mA 


Vcc = MAX, V|[y| =5.5 V 


"IL 


Input LOW Current 






-0.36 


mA 


Vcc = MAX, V|M =0.4 V 


Jos 


Output Short Circuit Current 


-30 




-100 


mA 


Vcc = MAX, VquT = V (Note 3) 


'CCH 


Supply Current 




100 


160 


mA 


Vcc = MAX 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, T^ = 25° C. 

3. Not more than one output should be shorted at a time. 
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AC SET-UP REQUIREMENTS - ALL MODES OF OPERATION: V 


CC = 5.0V,Ta 


= 25 C, Cl = 15pF 




PARAMETERS 


LIMITS 


UNITS 


COMMENTS 


SYMBOL 


MIN 


TYP 


MAX 


tew 


Clock Period 




80 




ns 




tpwH 


Clock Pulse Width (HIGH) 




40 




ns 




tpwL 


Clock Pulse Width (LOW) 




30 




ns 




tsEX 


Set-up Time, EX to CP 









ns 




thEX 


Hold Time, EX to CP 









ns 




ts' 


Set-Up Time, Iq, h to Negative-Going Clock 




20 




ns 


Figure 2 


thi 


Hold Time, Ig, h to Positive-Going Clock 









ns 




tgCl 


Set-Up Time, cTto Negative-Going Clock 




5 




ns 




thCI 


Hold Time, CI to Positive-Going Clock 









ns 




tsD 


Set-Up Time, D0-D3 to Positive-Going Clock 




20 




ns 




thD 


Hold Time, Dq - D3 to Positive-Going Clock 









ns 




tpwLMR 


MR Pulse Width (LOW) 




40 




ns 


Figure 3 


tree 


MR to Negative-Going Clock 




30 




ns 



REFER TO INDIVIDUAL TIMING DIAGRAMS FOR EACH OPERATION TO DETERMINE OUTPUT RESPONSE 




\ 




I -\-i.3v -/-I,; 



\ / 



Fig. 2 
WAVEFORMS FOR ALL OPERATIONS 



Fig. 3 
RESET OPERATION 



) 


^.3V 








) 


/ 

-1.3 V 


CAR 


Fig. 4 
RY-IN TO CAR 


RY-OUT 
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AC CHARACTERISTICS - ALL MODES OF OPERATION: Vqc ^ 5.0 V, T^ = 25°C, Cl = 15 pF 



SYMBOL 


PARAMETERS 


LIMITS 


UNITS 


COMMENTS 


MIN 


TYP 


MAX 


tPLH 
tPHL 


Propagation Delay, Carry In (Cl) to 
Carry Out (CO) 




14 
10 




ns 


Figure 4 


tPLH 
tPHL 


Propagation Delay, Positive-Going CP 
to Carry Out (CO) 




34 
38 




ns 


Figure 5 


tPLH 
tPHL 


Propagation Delay, Negative-Going ¥x 
to Carry Out (CO) 




34 
38 




ns 


Figure 6 



/ 



^PHL 



X 



\ 



x 



Fig. 5 
CLOCK TO CARRY-OUT 



Fig. 6 
EXECUTE TO CARRY-OUT 



AC CHARACTERISTICS AND SET-UP REQUIREMENTS FOR THE BRANCH (LOAD PC) OPERATION: 

Vqc = 5.0 V, Ta = 25°C, Cl = 1 5 pF 



SYMBOL 


PARAMETERS 


LIMITS 


UNITS 


COMMENTS 


MIN 


TYP 


MAX 


tPLH 
tPHL 


Propagation Delay, Positive-Going CP 
to Outputs (Oq - O3) 




28 
36 




ns 


EOqLOW 
Figures 7 and 8 


% 


Set-Up Time, Iq, h to Negative-Going EX 




20 




ns 




th 


Hold Time Iq, h to Positive-Going EX 









ns 


EX goes HIGH before CP, Figure 8 


th 


Hold Time, Iq, Ii to Positive-Going CP 









ns 


CP goes HIGH before EX, Figure 7 


ts 


Set-Up Time, Dq - D3 to Positive-Going CP 




16 




ns 


Figures 7 and 8 


th 


Hold Time, Dq — D3 to Positive-Going CP 









ns 


tpwL 


EX Pulse Width 




30 




ns 


EX Goes HIGH Before CP, Figure 8 
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CONDITIONS: EOg LOW 



CONDITIOIMS: EOq LOW 




' ¥hl j 



CURRENT VALUE 



3 V-*- NEW VALUE '-'o"'-3 




Fig. 7 

BRANCH OPERATiON, CP GOES HIGH BEFORE EX 



Fig. 8 
BRANCH OPERATION, EX GOES HIGH BEFORE CP 



AC CHARACTERISTICS AND SET-UP REQUIREMENTS FOR THE CALL (PUSH) OPERATION: 

Vqc = 5.0 V, Ta = 25°C, Cl = 1 5 pF {Figure 9) 



SYMBOL 


PARAMETERS 


LIMITS 


UNITS 


COMMENTS 


MIN 


TYP 


MAX 


tPLH 
tPHL 


Propagation Delay, Positive-Going CP to 
New Value of Oq - O3 




35 

55 




ns 


EOo LOW 


tPLH 
tPHL 


Propagation Delay, Negative-Going EX 
to Intermediate Value of Oq - O3 




30 
45 




ns 


EOq low, Set-Up Requirements tgiEX 
must be met 


tPLH 
tPHL 


Propagation Delay, Negative-Going EX 
toSE,SF 




20 
40 




ns 




ts 


Set-Up Time, Negative-Going EX to Iq, h 




20 




ns 




th 


Hold Time, Positive-Going CP to Iq, h 









ns 




tslEX 


Set-Up Time, EX to Negative-Going CP which 
Guarantees Intermediate Data on Oq — O3 while 
CP is LOW 




45 




ns 




ts2EX 


Set-Up Time, EX to Negative-Going CP which 
Guarantees no Change in Oq — O3 While CP 
is LOW 









ns 




thEX 


Hold Time, Positive-Going CP to 
Positive-Going EX 









ns 




ts 


Set-Up Time, Dq - D3 to Positive-Going CP 




20 




ns 




th 


Hold Time, Positive-Going CP to Dq - D3 









ns 





6-39 



FAIRCHILD • 9406 





CONDITIONS EOq LOW 


1^^ ,^ ^ 






...\ 




W Im 




^..-^ 




^- - . — - 




h 


_y 


^ t.l ^ 


(SEE NOTES 1& 2) 


■•*■! 




■■•\ 


"'i§SfM, 








^-,-^ 


^.„— 








Wk' 


-)i 




D0-D3 


^^^^^m 










CP 


'PLH .^ 'PLH ^ 

tpHL tPHL 


60-63 

(NOTE 1) 


CURRENT VALUE 


\|/ PREVIOUS CONTENTS OF \/ 


60^63 
(NOTE 2) 


CURRENT VALUE ^-^^yt 


/ 

NEW VALUE 




l^'p'-^l 


SE.SF 




-X 



Fig. 9 
CALL (PUSH) OPERATION 

NOTES: 

1. Condition which occurs when ^X goes LOW considerably before CP goes LOWjtgi EX is met). 

2. Condition which occurs when EX goes LOW slightly before CP goes LOW (ts2EX is met). 



AC CHARACTERISTICS AND SET-UP REQUIREMENTS FOR THE RETURN (POP) OPERATION: 

Vcc = 5.0 V, Ta = 25°C, Cl = 1 5 pF (Figure 10) 



SYMROL 


PARAMETERS 


LIMITS 


UNITS 


COMMENTS 




MIN 


TYP 


MAX 


^PLH 
tPHL 


Propagation Delay, Positive-Going CP to 
New Value of Oq - O3 




28 
55 




ns 


EOqLOW 


tPLH 
tPHL 


Propagation Delay, Negative-Going EX 
to New Value of Oq - O3 




30 
45 




ns 


EOq low, Set-Up Requirements tgiEX 
must be met 


tPLH 
tPHL 


Propagation Delay, Negative-Going EX 
toSE,SF 




20 
40 




ns 




ts 


Set-Up Time, Negative-Going EX to Ig, h 




20 




ns 




th 


Hold Time, Positive-Going CP to Iq, h 









ns 




tslEX 


Set-up Time, EX to Negative-Going CP which 
Guarantees the New Value on Oq — O3 
While CP is LOW 




4& 




ns 




ts2EX 


Set-Up Time, EX to Negative-Going CP. 
Either ts2EX or ts3EX must be met for 
Proper Operation 









ns 




ts3^ 


Set-Up Time, EX to Positive-Going CP. 
Either ts3EX or Ts2EX (Above) must be met 
for Proper Operation. 




30 




ns 
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CONDITIONS: bOn LOW 



O0-O3 
NOTE 2 



\ 



CURRENT VALUE 



(NOTES 1 & 2) 



\ 



Y(7////A:://2 



f 



^PLH_ 
^PHL 



X 



.3 V NEW VALUE 



¥lh 

•^PHL 



CURRENT VALUE 



X 



1..TV NFWVALUE 



/PLH_ 
^PHL 



X 



Fig. 10 
RETURN (POP) OPERATION 



NOTES: 

1. Condition which occurs when EX goes LOW considerably before CP goes LOW (t .EX is met). 

2. Condition which occurs when EX goes LOW slightly before or after CP goes LOV\f (either t52EX or tgsEX are met). 



AC CHARACTERISTICS AND SET-UP REQUIREMENTS FOR THE FETCH OPERATION: 

Vcc = 5.0 V, Ta = 25°C, Cl = 1 5 pF 



SYMBOL 


PARAMETERS 


LIMITS 


UNITS 


COMMENTS 


MIN 


TYP 


MAX 


tPLH 
tPHL 


Propagation Delay Positive-Going CP 
to Incremented Value of Oq — O3 




29 
38 




ns 


EOq, cT low, F igures 1 3 and 1 4 


tpZL 
tPZH 


Turn-On Delay, from CP or EX 
Whichever goes LOW last to Xq - X3 




15 
12 




ns 


EOx low. Figures 11, 12, 13 and 14 


ts 


Set-Up Time, Iq, h to Negative-Going EX 




20 




ns 




th 


Hold Time , Iq, h to CP or EX whichever 
goes HIGH first 









ns 


Figures 11, 12, 13 and 14 


ts 


Set~Up Time, Negative Going EX 
to Positive-Going CP 




25 




ns 




ts 


Negative-Going CI to Positive-Going CP 




20 




ns 


Fetch with Increment, Figures 13 and 14 


th 


Positive-Going CI to Negative-Going EX 











Iterative Fetch, Figures 11 and 12 
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CONDITIONS EOq LOW, CP goes HIGH before EX 



x: 



www////. 



CURRENT VALUE (NO CHANGE) 



TCL 
^PZH 



HIGH IMPEDANCE 



^PLZ 
^PHZ 



CURRENT VALUE -»- HIGH IMPEDANCE 



Fig. 11 
ITERATIVE FETCH 



CONDITIONS EOg LOW, EX goes HIGH before CP 



/ 



CURRENT VALUE 



*PZL 
'^PZH 



i 



Fig. 12 
ITERATIVE FETCH 

NOTES: _ 

1. Xq — X3 Turn-On Delay measured from the time both EX^and CP go LOW. 

2. Xq — X3 Turn-Off Delay measured from the time either EX or CP goes HIGH. 
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GH before EX 


— ..^ 












, 












_J 


-1.3 V 






1.3 V-J 


^ 
^ 








i 








1.3 V^ 


\ 


r-1.3 V 


H 




\ 








^.. 




1.3 V-7 


i 






^H 














\ 


r1.3V 1.3 V-^ 


/ 








^PLU 

^PHL 


k 






CURRENT VALUE 


■') 


JCREMENT 
VALUE 




^PZL 


f^ NOTE 1 ^ 


^PLZ 
^PHZ 




j^ 


^?Z 


H 


( 




< """-^ 


HIGH IMPEDANCE 


1.3 


CURRENT VALUE 


1.3 V^ 


-HIGH IMPEDANCE 



Fig. 13 
FETCH WITH INCREMENT PC 



CONDITIONS EOq LOW, EX goes HIGH before CP 



A 



\ 



\ 



CURRENT VALUE 



HIGH IMPEDANCE 



_TLH_ 
tpHL 



_ ^PLZ _ 

¥hz 



V V — 

-5h1.3V CURRENTVALUE -jf-l-SV H 

A A 



GH IMPEDANCE 



Fig. 14 
FETCH OPERATION WITH INCREMENT PC 

NOTES: 

1 . Xq — X3 Turn-On Delay measured from the time both EXjind CP go LOW. 

2. Xq — X3 Turn-Off Delay measured from the time either EX or CP goes HIGH. 
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9407 

DATA ACCESS REGISTER 

FAIRCHILD MACROLOGICTMTTL 



DESCRIPTION - The 9407 Data Access Register (DAR) performs memory address 
arithmetic for RAM resident stack applications. It contains three 4-bit registers intended 
for Program Counter (Rq), Stack Pointer (Ri), and Operand Address {R2). The 9407 
implements 16 instructions (see Table 1 ) which allow either pre or post 
decrement/increment and register-to-register transfer in a single clock cycle. It is 
expandable in 4-bit increments and can operate at a 10 MHz microinstruction rate on a 
16-bit word. The 3-state outputs are provided for bus oriented applications. The 9407 is a 
member of Fairchild's MACROLOGIC TTL family and is fully compatible with all TTL 
families. 



HIGH SPEED - 10 MHz MICROINSTRUCTION RATE 

THREE 4-BIT REGISTERS 

16 INSTRUCTIONS FOR REGISTER MANIPULATION 

TWO SEPARATE OUTPUT PORTS, ONE TRANSPARENT 

RELATIVE ADDRESSING CAPABILITY 

3-STATE OUTPUTS 

OPTIONAL PRE OR POST ARITHMETIC 

EXPANDABLE IN MULTIPLES OF FOUR BITS 

SLIM 24-PIN PACKAGE 



PIN NAMES 

D0-D3 

"o-'s 

CI 

CO 

CP 

EX 

EOx 

EOo 

X0-X3 
O0-O3 



Data Inputs (Active LOW) 

Instruction Word Inputs 

Carry Input (Active LOW) (Note b) 

Carry Output (Active LOW) 

Clock Input (L -> H Edge-Triggered) 

Execute Input (Active LOW) 

Address Output Enable Input 

(Active LOW) 

Data Output Enable Input 

(Active LOW) 

Address Outputs (Note b) 

Data Outputs (Active LOW) 

(Note b) 



NOTES: 

a. 1 Unit Load (U.L.) = 40 mA HIGH, 1 .6 mA LOW. 

b. Output Current measured at VquT ~ ^-^ ^■ 



LOADING (Note a) 



HIGH 


LOW 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L 


0.23 U.L. 


10 U.L. 


5 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


130 U.L. 


10 U.L. 


130 U.L. 


10 U.L. 



LOGIC SYMBOL 



2 34 5 21 19 17 15 



au 



'2 '3 Do "^1 ^2 D3 



9407 
DAR 



Xq ^^ ^2 X3 Oq O^ O2 O3 



TTTT 



9 10 11 20 18 16 14 



Vcc = Pin 24 
GND = Pin 12 



CONNECTION DIAGRAM 
DIP (TOP VIEW) 



c 


EX ^^ Vcc 


D« 


2L 


'0 


CI 


3,3 


'L 


1^ 


EOo 


322 


^L 


'2 


Do 


J2, 


'L 


I3 


Oq 


J 20 


^L 


EO^ 


Dl 


3,9 


d 


CP 


O1 


J, 8 


bC 


xo 


0, 


:i" 


^L 


Xi 


62 


J,e 


10C 


X2 


63 


3,5 


-L 


X3 


03 


Ju 


12E 


GND 


CO 


3" 



NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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O 



© 



BLOCK DIAGRAM 



@ 



D3 D2 Dt Dq 



<> Q 



133 b2 csi Dq A3 A2 A-i Ag CI 
BINARY ADDER 
CO So So S, Sn 



i> 



D3 D2 Di Dp 



Q3 Qg Q^ Qq 



INSTRUCTION 
DECODER/ENCODER 



T^ 



^jD- ";i 



Do Do Di D, 



3 L^2 ^1 ^0 

r REG. 
(Rq) 

Q3 °2 °i Qq 



^ 



D3 D2 Dt Dq 



Q3 Q? O1 Qq 



t> 



D3 D2 Dt Dq 



Q3 O2 °i Qq 



'id he '1B 'lA 'OD 'OC 'OB 'OA 

2TNPUT MUX 
2n Zp Zo Za 



03 "Oj ^1 Oq CO X3 X2 X-i Xq 

©©©@@ ©®®® 



QUAD 
3-INPUT MUX 



Vcc = Pin 24 
GND = Pin 12 
O = Pin Number 
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FUNCTIONAL DESCRIPTION - The 9407 contains a 4-bit slice of three Registers (RQ--R2), a 4-Bit Adder, a 3-state 
Address Output Buffer (Xq— X3), and a separate Output Register with 3-state buffers (Oq— O3), allowing output of the 
register contents on the data bus (refer to the Block Diagram). The DAR performs 16 instructions, selected by Iq— '3. as 
listed in Table 1. 

OPERATION — The 9407 operates on a single clock. CP and EX are inputs to a 2-input, active LOW AND gate. For normal 
operation EX is brought LOW while CP is HIGH. A microcycle starts as the clock goes HIGH. Data Inputs Dq— D3 are applied 
to the Adder as one of the operands. Three of the four instruction lines (11,12^3) select which of the three registers, if any, is 
to be used as the other operand. The LOW-to-HIGH CP transition writes the result from the Adder into a register {Ro'~^2^ 
and into the output register provided EX is LOW. If the Iq instruction input is HIGH, the multiplexer routes the result from 
the Adder to the 3-state Buffer controlling the address bus (Xq— X3) independent of EX and CP. If Iq is LOW, the 
multiplexer routes^ the output of the selected register directly into the 3-State Buffer controlling the Address Bus (Xq— X3), 
independent of EX and CP. 

9407 ARRAYS - The 9407 is organized as a 4-bit register slice. The active LOW CI and CO lines allow ripple-carry 
expansion over longer word lengths. 

APPLICATIONS — In a typical application, the register utilization in the DAR may be as follows: Rq is the program counter 
(PC), R-| is the stack pointer (SP) for memory resident stacks and R2 contains the operand address. For an instruction Fetch, 
PC can be gated on the X-Bus while it is being incremented (i.e., D-Bus =1). If the fetched instruction calls for an effective 
address for execution, which is displaced from the PC, the displacement can be added to the PC, and loaded into R2 during 
the next microcycle. 



TABLE 1 
INSTRUCTION SET FOR THE 9407 



INSTRUCTION 


COMBINATORIAL FUNCTION 
AVAILABLE ON THE X-BUS 


SEQUENTIAL FUNCTION OCCURRING 
ON THE NEXT RISING CP EDGE 


«3 


l2 


h 


<0 


L 
L 


L 

L 


L 
L 


L 
H 


RqpIus D plus CI 


Rq plus D plus CI -^ Rq and 0-register 


L 
L 


L 
L 


H 
H 


L 

H 


RqpIus D plus CI 


Rq plus D plus CI -> R"! and 0-register 


L 
L 


H 
H 


L 
L 


L 

H 


Ro 

RqpIus D plus 01 


Rq plus D plus CI -^ R2 and 0-register 


L 
L 


H 
H 


H 
H 


L 
H 


Ri 

R-j plus D plus CI 


R-] plus D plus CI -^ Ri and 0-register 


H 
H 


L 
L 


L 

L 


L 
H 


R2 

D plus CI 


D plus CI -» R2 and 0-register 


H 
H 


L 
L 


H 
H 


L 
H 


Ro 

D pIusC! 


D plus CI -^ Rq and 0-register 


H 
H 


H 
H 


L 
L 


L 
H 


R2 

R2 plus D plus CI 


R2 plus D plus CI -^ R2 and 0-register 


H 
H 


H 
H 


H 
H 


L 
H 


Rl 

D plus CI 


D plus CI ^ R-i and 0-register 



LOW Level 
HIGH Level 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 



SYMBOL 






LIMITS 


UNITS 


TEST CONDITIONS (Note 1) 


rAHAIVItl tH 


MIN 


TYP 


MAX 


V|H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 




Input LOW Voltage 


XM 






0.7 


V 




V|L 


XC 






0.8 


Guaranteed Input LOW Voltage 


VCD 


Input Clamp Diode Voltage 




-0.9 


-1.5 


V 


Vcc = MIN, l|N = -18 mA 


VOH 
VOH 


Output HIGH Voltage, CO 

Output HIGH Voltage 
Xq - X3, Oo - O1 


XM 


2.4 


3.4 




V 
V 




XC 

XM 
XC 


2.4 
2.4 


3.4 
3.4 




Iqh = -2.0 mA 

, r.^ A Vcc-MIN 

l0H = -5.7 mA 


2.4 


3.1 




Vol 


Output LOW Voltage, CO 




0.3 
0.4 


0.4 
0.5 


V 


Vcc = MIN, loL = 4.0 mA 


Vcc^MIN, loL = 8-0rnA 


Vol 


Output LOW Voltage 
Xq - X3, Oo - O3 




0.3 
0.4 


0.4 
0.5 


V 


Vcc = MIN, loL = 8.0 mA 
Vcc = MIN, loL=16mA 


'OZH 


Output Off Current HIGH 






100 


mA 


Vcc = MAX, VouT = 2.4 V, Vg = 2 V 


lOZL 


Output Off Current LOW 






-100 


ma 


VCC = MAX, VquT = 0-5 V, Vg = 2 V 


1 II 1 


Input HIGH Current 




1.0 


40 


mA 


Vcc = MAX, V|iv| =2.7 V 


"IH 






1.0 


mA 


Vcc = MAX, V|N = 5.5 V 


'IL 


Input LOW Current 






-0.36 


mA 


Vcc = MAX, V|[M = 0.4 V 


«OS 


Output Short Circuit Current 


-30 




-100 


mA 


Vcc = MAX, VouT = V (Note 3) 


Ice 


Supply Current 




90 


145 


mA 


Vcc " MAX, Inputs Open 



NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate 
device type, 

2. Typical limits are at Vcc = 5.0 V, Ta = 25° C. 

3. Not more than one output should be shorted at a time. 



value specified under recommended operating conditions for the applicable 



AC SET-UP REQUIREMENTS: V^c = 5.0 V, Cl = 15 pF, T^ = 25°C 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 




MIN 


TYP 


MAX 


CONDITIONS 


tew 


Clock Period (Note) 




80 




ns 




tPWH 


Clock Pulse Width (HIGH) (Note) 




50 








tpWL 


Clock Pulse Width (LOW) (Note) 


20 










ts 


Set-Up Time, Iq — I3 to Negative-Going 
Clock 


20 






ns 




th 


Hold Time, Iq - I3 to Positive-Going 
Clock 









ns 




tsD 


Set-Up Time, Dq - D3, Cl to Negative-Going 
Clock 


20 






ns 




thD 


Hold Time, Dq — D3, Cl to Negative-Going 
Clock 









ns 




ts' 


Set-Up Time, Cl to Positive-Going 
Clock 


5 






ns 




th' 


Hold Time, Cl to Positive-Going Clock 









ns 
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AC CHARACTERISTICS: V^c = 5.0 V, Cl = 1 5 pF, T^ = 25°C 





PARAMETER 


LIMITS 


UNITS 


COMMENTS 




MIN 


TYP 


MAX 


tPLH 
tPHL 


Propagation Delay, Positive-Going CP 
to Oq - O3 (Note) 




32 
22 




ns 


EOq LOW, Figure 3 


tPLH 
tPHL 


Instruction Inputs — |^ — I3 to Xq — X3 




26 
22 




ns 


EOx LOW, lo LOW, Figure 1 


tPLH 
tPHL 


Instruction Inputs — l-j ~ I3 to Xq — X3 




50 
45 




ns 


EOx low, Iq high. Figure 1 


tPLH 
tPHL 


Positive-Going Clock to Xq — X3 




40 
35 




ns 


EOx, Iq low 


tPLH 
tPHL 


Positive-Going Clock to Xq - X3 




65 
55 




ns 


EOx LOW, Iq HIGH, Figure 2 


tPLH 
tPHL 


Propagation Delay, Data Inputs to Xq - X3 




30 
30 




ns 


Iq HIGH, I1 - [3 Stable, 
EO LOW, Figure 4 


tPLH 
tPHL 


Propagation Delay CI to Xq — X3 




24 
20 




ns 


Iq HIGH, I1 - I3 Stable, 
EOx LOW, Figure 5 


tPLH 
tPHL 


Propagation Delay Iq to Xq — X3 




24 
32 




ns 


EOx LOW, Figure 2 


tPLH 
tPHL 


Propagation Delay, Positive-Going 
Clock to CO 




45 
58 




ns 


Figure 1 


tPLH 
tPHL 


Propagation Delay, CI to CO 




13 
22 




ns 


Figure 5 


tPLH 
tPHL 


Propagation Delay, Data Inputs Dq — D3 to CO 




13 
24 




ns 


Figure 4 


tPLH 
tPHL 


Propagation Delay, Instruction Inputs 
h - I3 toCO 




30 
32 




ns 


Figure 1 


tPZH 
tPZL 


Enable Delay, EOq to Outputs Oq - O3, 
EOx to Xo - X3 




13 
18 




ns 




tPLZ 
tPHZ 


Disable Delay, EOq to Og, 
EOx to Xo - X3 




13 
13 




ns 





TIMING DIAGRAM 



CONDITIONS: EOx LOW 



CONDITIONS: EO LOW 



x: 



_ P'-H_ 
tpHL 



^PLH_ 
~^PHL 



X 



X 



X 



PLH_ 
^PHL 



X 



NOTE: 

The internal clock is generated from CP and EX. The internal Clock 
is HIGH if EX or CP is HIGH, LOW if EX and CP are LOW. 



Fig. 1 



Fig. 2 
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FAIRCHILD • 9407 



TIMING DIAGRAM 



CONDITIONS EOg LOW 




CLOCK (NOTE 1) 




'PLH 

"Vhl"" 



^PHL 



Fig. 3 



CONDITIONS: EO^ LOW, Iq HIGH 



CONDITIONS EOx LOW, Iq HIGH 



Vhl 



TLH_ 
'PHL 



t 



. PLH_ 

Vhl 



/PLH_ 

Vhl 



^ 
^ 



Fig. 4 



Fig. 5 



6-49 



9410 

REGISTER STACK • 16x4 RAM 
WITH 3-STATE OUTPUT REGISTER 

FAIRCHILD MACROLOGIC™ TTL 



DESCRIPTION — The 9410 is a register oriented high speed 64-bit Read/Write iViemory 
organized as 16-words by 4-bits. An edge triggered 4-bit output register allows new input 
data to be written while previous data is held. 3-state outputs are provided for maximum 
versatility. The 9410 is a member of Fairchild's 9400 MACRO LOGIC TTL family and is 
fully compatible with all TTL families. 

• EDGE TRIGGERED OUTPUT REGISTER 

• TYPICAL ACCESS TIME OF 35 ns 

• 3-STATE OUTPUTS 

• OPTIMIZED FOR REGISTER STACK OPERATION 

• TYPICAL POWER OF 375 mW 

• 18-PIN PACKAGE 

LOADING (Note a) 



PIN NAMES 




A0-A3 


Address Inputs 


D0-D3 


Data Inputs (Active LOW) 


OS 


Chip Select Input (Active LOW) 


EO 


Output Enable Input (Active LOW) 


WE 


Write Enable Input (Active LOW) 


CP 


Clock Input (Outputs Change on LOW 




to HIGH Transition) 


Qo~Q3 


Outputs (Active LOW) 



HIGH 


LOW 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


0.5 U.L. 


0.23 U.L. 


130 U.L. 


10 U.L. 




(Note b) 



NOTES: 

a) 1 Unit Load (U.L.) = 40 juA HIGH, 1.6 mA LOW. 

b) 10 LOW Unit Loads measured at 0.5 V. 



BLOCK DIAGRAM 



(2) We ■ 



© 



© 



® EC 

Vdd " P'" 18 

Vss = Pin 9 

O =^ Pin Numbers 



O 



Do Di D2 D3 

©J, ©J. @J, ®J, 



INPUT GATING 



© ^0 

© A, 

© ^2 

® A3 



16X4 

MEMORY CELL 

ARRAY 



CP OUTPUT REGISTER 



H>- 



® I ®l ®1 ®l 



Qi Q-, Go 



LOGIC SYMBOL 




2 1 17 15 13 n 






WE 


CS Dq Di D2 D3 




7 — 


CP 






3 — 


Ao 






5 — ■ 

6 

8 


Al 
A2 
A3 
EO 


9410 
16X4 RAM 

Qq Qi Q2 Q3 








???? 

16 14 12 10 




Vcc = Pin 18 
GND = Pin 9 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


C 


CS 


^ v,c 


J^' 


2L 


WE 


^0 


J^^ 


3[: 


Aq 


% 


J^e 


^L 


Al 


D-, 


J15 


^L 


Aj 


^^ 


U^' 


C 


A3 


D2 


3^' 


d 


CP 


Q^ 


ju 


^^ 


EO 


^ 


J- 


C 


GN[ 


, Q^ 


J10 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD • 9410 



FUNCTIONAL DESCRIPTION 

Write Operation - When the three Control Inputs: Write Enable (WE), Chip Select (CS), and Clock (CP), are LOW the 
information on the Data Inputs (D0-D3) is written into the memory location selected by the Address Inputs {A0-A3). If the 
input data changes while WE, CS, and CP are LOW, the contents of the selected memory location follows these changes, 
provided set-up time criteria are met. 

Read Operation - Whenever CS is LOW and CP goes from LOW-to-HIGH, the contents of the memory location selected by 
the Address Inputs (Aq-As) is edge-triggered into the Output Register. 

A 3-State Output Enable (EO) controls the Output Buffers. When EO is HIGH the four Outputs (Q0-Q3) are in a high 
impedance or OFF state; when EO is LOW, the Outputs are determined by the state of the output register. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 


SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS (Note 1 ) 


MIN 


TYP 


MAX 


VlH 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V|L 


Input LOW Voltage 


XM 






0.7 


V 


Guaranteed Input LOW Voltage 


XC 






0.8 


VcD 


Input Clamp Diode Voltage 




-0.9 


-1.5 


V 


Vcc = MINJiN = -18 mA 


VOH 


Output HIGH Voltage 


XM 


2.4 


3.4 






Iqh = -2.0 mA 


Vcc = MIN 


XC 


2.4 


3.1 






IOH = -5.2 mA 


Vol 


Output LOW Voltage 


XM&XC 




0.25 


0.4 


V 


Vcc = MIN,loL = 8.0 mA 


XC 




0.35 


0.5 


V 


Vcc = MIN,loL= 16 mA 


lOZH 


Output Off Current HIGH 






100 


HA 


Vcc = MAX, VoUT = 2.4 V, Vg = 3 V 


'OZL 


Output Off Current LOW 






-100 


H/K 


Vcc = MAX, VoUT == 0-5 V, Ve = 3 V 


l|H 


Input HIGH Current 




1.0 


40 


HA 


Vcc = MAX, V|N=^ 2.7 V 






1.0 


mA 


Vcc = MAX, V|N = 5.5 V 


l|L 


Input LOW Current 






-0.36 


mA 


Vcc=MAX, V||sj = 0.4 V 


'OS 


Output Short Circuit Current 


-30 




-100 


mA 


Vcc = MAX, VouT = V (Note 3) 


'CCH 


Supply Current 




75 


110 


mA 


Vcc " MAX, Inputs Open 


NOTES: 

1. For conditions shown as iVIlN or MAX, use the appropriate value specified under recomnnended operating conditions for the applicable 
device type. 

2. Typical limits are at VqC " 5.0 V, T^ = 25°C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD • 9410 



AC CHARACTERISTICS: Ta = 25 C 



SYMBOL 



PARAMETER 



LIMITS 



MIN 



TEST CONDITIONS 



READ MODE 



tpZH 
tPZL 


Enable Delay, Output Enable to Output 




9 
9 


14 
14 


ns 
ns 


Figure 2 


tPHZ 
tPLZ 


Disable Time, Output Enable to Output 




5 
5 


8 
8 


ns 
ns 


Figure 2 


tPLH 
tPHL 


Propagation Delay, Clock to Output 




10 
11 


19 
19 


ns 
ns 


Figure 3 


tgAR 


Set-up Time to Read from Address to Clock 


45 


35 




ns 


Figure 3 


thAR 


Hold Time to Read from Address to Clock 










ns 


Figure 3 



WRITE MODE 



tw 


Write Enable, Chip Select, or Clock Pulse Width 
Required to Write (Note a) 


35 


20 




ns 


Figure 4 


tgAW 


Set-up Time Address to Write Enable (Note b) 


5 






ns 


Figure 4 


thAW 


Hold Time Address to Write Enable (Note b) 









ns 


Figure 4 


tgDW 


Set-up Time Data to Write Enable (Note b) 


35 


25 




ns 


Figure 4 


thDW 


Hold Time Data to Write Enable 









ns 


Figure 4 



a) Writing occurs when WE, CE and CP are LOW. 

b) Assuming WE is utilized as Writing Strobe. 



READ MODE AC PARAMETERS 



\ 






-I tpzL 



Jf^ 



I— t- 



^ 



h -I— tPLZ 




Fig. 2 

PROPAGATION DELAY 
OUTPUT ENABLE TO DATA OUTPUTS 



Other Conditions: CS = OE = LOW 

Fig. 3 

PROPAGATION DELAY CLOCK 

TO DATA OUTPUTS, AND SET UP 

AND HOLD TIMES ADDRESS TO CLOCK TO READ 



WRITE MODE AC PARAMETERS 




Other Conditions: CS = CP = LOW 
Fig. 4 

WRITE ENABLE PULSE 

WIDTH, SET-UP AND HOLD 

TIMES ADDRESS AND DATA TO WRITE ENABLE 
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INDEX AND 



^m^"' 








LO\A/ POXA/ER SCHOTTKY 
AMD MACROLOGIC^-^TTL 





pjw:^^ 




ORDERING INFORMATION AND 
PACKAGE OUTLINES 








1 



LOW POWER SCHOTTKY ORDERING INFORMATION 



Fairchild digital integrated circuits may be ordered using a simplified purchasing code in which the package style and tem- 
perature range are defined below. Either the 74LS series number or the 9LS series number may be used when ordering. 



TEMPERATURE RANGE 

M = Military -55°C to +1 25°C 
C ^ Commercial 0°C to +75°C 



74LS00 (or 9LS00) 



PACKAGE STYLE 

D = Dual In-Line - 
P = Dual In-Line - 
F = Flat Package 



Ceramic (Hermetic) 
Plastic 



C 

"L 



Temperature 
Range 

Package 

Style 
Device 

Type 



In order to accommodate varying die sizes (SSI, MSI, etc.), numbers of pins (14, 16, 24, etc.), and package outlines, a num- 
ber of different package forms are required in each of the three package style categories. 

The following lists indicate the specific package dimensions currently used for each device type. The detailed outline 
corresponding to each package code is shown at the end of this section. 



LOW POWER SCHOTTKY 
DEVICE MARKING EXAMPLE 



9LS/74LS00 
DC -F Date Code 



MACROLOGIC TTL 
DEVICE MARKING EXAMPLE 



-F 9401 DC 
Date Code 





MILITARY (M) 




COMMERCIAL (C)/INDUSTRIAL 




-55°C to +125°C 




0°C to +75°C 


DEVICE 




DEVICE 




CERAMIC 


FLATPAK (F) 




CERAMIC 


PLASTIC 


FLATPAK (F) 




DIP (D) 






DIP(D) 


DIP(P) 




54LS00 


6A 


31 


74LS00 


6A 


9A 


31 


54LS02 


6A 


31 


74LS02 


6A 


9A 


31 


54LS03 


6A 


31 


74LS03 


6A 


9A 


31 


54LS04 


6A 


31 


74LS04 


6A 


9A 


31 


54LS05 


6A 


31 


74LS05 


6A 


9A 


31 


54LS08 


6A 


31 


74LS08 


6A 


9A 


31 


54LS09 


6A 


31 


74LS09 


6A 


9A 


31 


54LS10 


6A 


31 


74LS10 


6A 


9A 


31 


54LS1 1 


6A 


31 


74LS11 


6A 


9A 


31 


54LS14 


6A 


31 


74LS14 


6A 


9A 


31 


54LS15 


6A 


31 


74LS15 


6A 


9A 


31 


54LS20 


6A 


31 


74LS20 


6A 


9A 


31 


54LS21 


6A 


31 


74LS21 


6A 


9A 


31 


54LS22 


6A 


31 


74LS22 


6A 


9A 


31 


54LS27 


6A 


31 


74LS27 


6A 


9A 


31 
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MILITARY (M) 




COMMERCIAL (C)/INDUSTRIAL 


DEVICE 


-55°Cto+125°C 


DEVICE 


0°C to +75°C 


CERAMIC 


FLATPAK (F) 


CERAMIC 


PLASTIC 


FLATPAK (F) 




DIP (D) 






DIP{D) 


DIP (P) 




54LS30 


6A 


31 


74LS30 


6A 


9A 


31 


54LS32 


6A 


31 


74LS32 


6A 


9A 


31 


54LS37 


6A 


31 


74LS37 


6A 


9A 


31 


54LS38 


6A 


31 


74LS38 


6A 


9A 


31 


54LS40 


6A 


31 


74LS40 


6A 


9A 


31 


54LS42 


6B 


4L 


74LS42 


68 


98 


4L 


54LS51 


6A 


31 


74LS51 


6A 


9A 


31 


54LS54 


6A 


31 


74LS54 


6A 


9A 


31 


54LS55 


6A 


31 


74LS55 


6A 


9A 


31 


54LS73 


6A 


31 


74LS73 


6A 


9A 


31 


54LS74 


6A 


31 


74LS74 


6A 


9A 


31 


54LS83 


6B 


4L 


74LS83 


68 


98 


4L 


54LS86 


6A 


31 


74LS86 


6A 


9A 


31 


54LS90 


6A 


31 


74LS90 


6A 


9A 


31 


54LS92 


6A 


31 


74LS92 


6A 


9A 


31 


54LS93 


6A 


31 


74LS93 


6A 


9A 


31 


54LS95 


6A 


31 


74LS95 


6A 


9A 


31 


54LS109 


6B 


4L 


74LS109 


68 


98 


4L 


54LSn2 


68 


4L 


74LS112 


68 


98 


4L 


54LS113 


6A 


31 


74LS113 


6A 


9A 


31 


54LS114 


6A 


31 


74LS114 


6A 


9A 


31 


54LS125 


6A 


31 


74LS125 


6A 


9A 


31 


54LS126 


6A 


31 


74LS126 


6A 


9A 


31 


54LS132 


6A 


31 


74LS132 


6A 


9A 


31 


54LS133 


68 


4L 


74LS133 


68 


98 


4L 


54LS136 


6A 


31 


74LS136 


6A 


9A 


31 


54LS138 


68 


4L 


74LS138 


68 


98 


4L 


54LS139 


68 


4L 


74LS139 


68 


98 


4L 


54LS151 


68 


4L 


74LS151 


68 


98 


4L 


54LS152 




31 


74LS152 






31 


54LS153 


68 


4L 


74LS153 


68 


98 


4L 


54LS155 


68 


4L 


74LS155 


68 


98 


4L 


54LS156 


68 


4L 


74LS156 


68 


98 


4L 


54LS157 


68 


4L 


74LS157 


68 


98 


4L 


54LS158 


68 


4L 


74LS158 


68 


98 


4L 


54LS160 


68 


4L 


74LS160 


68 


98 


4L 


54LS161 


68 


4L 


74LS161 


68 


98 


4L 


54LS162 


68 


4L 


74LS162 


68 


98 


4L 


54LS163 


68 


4L 


74LS163 


68 


98 


4L 


54LS164 


6A 


31 


74LS164 


6A 


9A 


31 


54LS170 


68 


4L 


74LS170 


68 


98 


4L 


54LS174 


68 


4L 


74LS174 


68 


98 


4L 


54LS175 


68 


4L 


74LS175 


68 


98 


4L 


54LS181 


6N 


4M 


74LS181 


6N 


9N 


4M 


54LS190 


68 


4L 


74LS190 


68 


98 


4L 
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MILITARY (M) 




COMMERCIAL (C)/INDUSTR!AL 


DEVICE 


~55°C to +125°C 


DEVICE 


O^C to +75°C 




CERAMIC 


FLATPAK (F) 




CERAMIC 


PLASTIC 


FLATPAK (F) 




DIP(D) 






DIP(D) 


DIP(P) 




54LS191 


6B 


4L 


74LS191 


68 


9B 


4L 


54LS192 


6B 


4L 


74LS192 


68 


98 


4L 


54LS193 


6B 


4L 


74LS193 


68 


9B 


4L 


54LS194 


68 


4L 


74LS194 


68 


9B 


4L 


54LS195 


68 


4L 


74LS195 


68 


98 


4L 


54LS196 


6A 


31 


74LS196 


6A 


9A 


31 


54LS197 


6A 


31 


74LS197 


6A 


9A 


31 


54LS251 


68 


4L 


74LS251 


68 


9B 


4L 


54LS253 


68 


4L 


74LS253 


68 


9B 


4L 


54LS257 


68 


4L 


74LS257 


68 


9B 


4L 


54LS258 


68 


4L 


74LS258 


68 


9B 


4L 


54LS259 


68 


4L 


74LS259 


68 


9B 


4L 


54LS266 


6A 


31 


74LS266 


6A 


9A 


31 


54LS279 


68 


4L 


74LS279 


68 


9B 


4L 


54LS283 


68 


4L 


74LS283 


68 


9B 


4L 


54LS290 


6A 


31 


74LS290 


6A 


9A 


3! 


54LS293 


6A 


31 


74LS293 


6A 


9A 


31 


54LS295 


6A 


31 


74LS295 


6A 


9A 


31 


54LS298 


68 


4L 


74LS298 


68 


98 


4L 


54LS365 


68 


4L 


74LS365 


68 


9B 


4L 


54LS366 


68 


4L 


74LS366 


68 


9B 


4L 


54LS367 


68 


4L 


74LS367 


68 


9B 


4L 


54LS368 


68 


4L 


74LS368 


68 


9B 


4L 


54LS670 


68 


4L 


74LS670 


68 


9B 


4L 





MILITARY (M) 


COMMERCIAL (C)/INDUSTR!AL 


DEVICE 


-55°Cto+125°C 


0°C to +75°C 




CERAMIC 


FLATPAK (F) 


CERAMIC 


PLA.STIC 


FLATPAK (F) 




DIP(D) 




DIP(D) 


DIP (P) 




9LS00 


6A 


31 


6A 


9A 


31 


9LS02 


6A 


31 


6A 


9A 


31 


9LS03 


6A 


31 


6A 


9A 


31 


9LS04 


6A 


31 


6A 


9A 


31 


9LS05 


6A 


31 


6A 


9A 


31 


9LS08 


6A 


31 


6A 


9A 


31 


9LS09 


6A 


31 


6A 


9A 


31 


9LS10 


6A 


31 


6A 


9A 


31 


9LS11 


6A 


31 


6A 


9A 


31 


9LS14 


6A 


31 


6A 


9A 


31 


9LS15 


6A 


31 


6A 


9A 


3! 


9LS20 


6A 


31 


6A 


9A 


31 


9LS21 


6A 


31 


6A 


9A 


3! 


9LS22 


6A 


31 


6A 


9A 


31 


9LS27 


6A 


31 


6A 


9A 


31 
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MILITARY (M) 


COMMERCIAL (C)/INDUSTRIAL 


DEVICE 


--55°Cto+125°C 


O^'C to +75°C 


CERAMIC 


FLATPAK (F) 


CERAMIC 


PLASTIC 


FLATPAK (F) 




DIP (D) 




DIP{D) 


DIP(P) 




9LS30 


6A 


31 


6A 


9A 


31 


9LS32 


6A 


31 


6A 


9A 


31 


9LS37 


6A 


31 


6A 


9A 


31 


9LS38 


6A 


31 


6A 


9A 


31 


9LS40 


6A 


31 


6A 


9A 


31 


9LS42 


6B 


4L 


6B 


98 


4L 


9LS51 


6A 


31 


6A 


9A 


31 


9LS54 


6A 


31 


6A 


9A 


31 


9LS55 


6A 


31 


6A 


9A 


31 


9LS73 


6A 


31 


6A 


9A 


31 


9LS74 


6A 


31 


6A 


9A 


31 


9LS83 


6B 


4L 


6B 


9B 


4L 


9LS86 


6A 


31 


6A 


9A 


31 


9LS90 


6A 


31 


6A 


9A 


31 


9LS92 


6A 


31 


6A 


9A 


31 


9LS93 


6A 


31 


6A 


9A 


31 


9LS95 


6A 


31 


6A 


9A 


31 


9LS109 


6B 


4L 


68 


98 


4L 


9LS112 


68 


4L 


68 


9B 


4L 


9LS113 


6A 


31 


6A 


9A 


31 


9LS114 


6A 


31 


6A 


9A 


31 


9LS125 


6A 


31 


6A 


9A 


31 


9LS126 


6A 


31 


6A 


9A 


31 


9LS132 


6A 


31 


6A 


9A 


31 


9LS133 


68 


4L 


68 


98 


4L 


9LS136 


6A 


31 


6A 


9A 


31 


9LS138 


6B 


4L 


68 


98 


4L 


9LS139 


6B 


4L 


6B 


98 


4L 


9LS151 


6B 


4L 


6B 


9B 


4L 


9LS152 




31 






31 


9LS153 


68 


4L 


6B 


98 


4L 


9LS155 


6B 


4L 


68 


98 


4L 


9LS156 


6B 


4L 


68 


98 


4L 


9LS157 


6B 


4L 


68 


98 


4L 


9LS158 


6B 


4L 


68 


98 


4L 


9LS160 


6B 


4L 


68 


98 


4L 


9LS161 


68 


4L 


68 


98 


4L 


9LS162 


6B 


4L 


68 


98 


4L 


9LS163 


6B 


4L 


68 


98 


4L 


9LS164 


6A 


31 


6A 


9A 


31 


9LS170 


68 


4L 


68 


98 


4L 


9LS174 


6B 


4L 


68 


98 


4L 


9LS175 


6B 


4L 


68 


98 


4L 


9LS181 


6N 


4M 


6N 


9N 


4M 


9LS190 


6B 


4L 


68 


98 


4L 
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MILITARY (M) 


COMMERCIAL (C)/INDUSTRIAL 


DEVICE 


-55°Cto+125°C 


0°C to +75°C 


CERAMIC 


FLMPAK (F) 


CERAMIC 


PLASTIC 


FLATPAK (F) 




DIP(D) 




DIP(D) 


DIP(P) 




9LS191 


6B 


4L 


6B 


9B 


4L 


9LS192 


6B 


4L 


6B 


98 


4L 


9LS193 


6B 


4L 


6B 


9B 


4L 


9LS194 


6B 


4L 


6B 


9B 


4L 


9LS195 


6B 


4L 


6B 


9B 


4L 


9LS196 


6A 


31 


6A 


9A 


31 


9LS197 


6A 


31 


6A 


9A 


31 


9LS251 


6B 


4L 


6B 


9B 


4L 


9LS253 


6B 


4L 


6B 


9B 


4L 


9LS257 


6B 


4L 


6B 


9B 


4L 


9LS258 


6B 


4L 


6B 


98 


4L 


9LS259 


6B 


4L 


6B 


9B 


4L 


9LS266 


6A 


31 


6A 


9A 


31 


9LS279 


6B 


4L 


6B 


98 


4L 


9LS283 


6B 


4L 


6B 


9B 


4L 


9LS290 


6A 


31 


6A 


9A 


31 


9LS293 


6A 


31 


6A 


9A 


31 


9LS295 


6A 


31 


6A 


9A 


31 


9LS298 


6B 


4L 


6B 


9B 


4L 


9LS365 


6B 


4L 


6B 


9B 


4L 


9LS366 


68 


4L 


6B 


9B 


4L 


9LS367 


6B 


4L 


6B 


9B 


4L 


9LS368 


6B 


4L 


6B 


9B 


4L 


9LS670 


6B 


4L 


6B 


9B 


4L 


9401 


7A 


3! 


7A 


9A 


31 


9403 


6Q 


4M 


60 


9U 


4M 


9404 


6Q 


4M 


6Q 


9U 


4M 


9405 


6Q 


4M 


6Q 


9U 


4M 


9406 


6Q 


4M 


6Q 


9U 


4M 


9407 


6Q 


4M 


6Q 


9U 


4M 


9410 


7D 




7D 


9M 




96L02 


6B 


4L 


6B 


98 


4L 


96S02 


6B 


4L 


6B 


9B 


4L 
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PACKAGE OUTLINES 
FLATPAK 



in accordance with 

JEDEC (TO-86) outline 

14-Pin Cerpak 



16-Pin Cerpak 







nr^ 




















• 


7 


14 
8 










i 








.260 


t 


-"-^ i .240 






1 


TYP 










i 


015 ^ 






JJ 




, 


TYP. [ 

006 ' 
.004 , 

i 1 


.370 
.250 ^ 








.370 
.250 ^ 

r 












.025 
TYP. 




- _ 


.260 
.240 




.065 
.055 



31 



NOTES: 

All dimensions in inches 

Leads are gofd-plated kovar 

Package weight is 0.26 gram 

Lead 1 orientation may be either tab or dot 







1 • 

8 




16 
9 










- _»_ 








Y 
















.050 








1 jYp 










)9 
1 












.4C 














.019 






.015 






TYP 






^JL. 












f 

,006 
004 






.350 
.250 
TYP, 








_.350 ^ 
,250 

TYP. .075 
,060 


J_ 








1 i 




t 


NC 
All 
Le« 
Pa 






-283 1 .0^4 

.247 ^ TYP. 

ITES: 

dimensions in inches 
ads are gold-plated kovar 
:kage weight is 0.4 gram 





4L 



24-Pin BeO Cerpak 



4M 



t 






1 • 
2 

3 
4 
5 
6 

8 
9 
10 
11 
12 


24 

23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 








♦ 








' 




'I - ' 






































.620 
MAX 


1 "= — 


_ 




"^ 


r^^" 




, 







-' 






1 
















TVP 










■ 






-^ 




^ -1 












.350 
.250 







.350 
.250 


1 


t 


'\— 


— 






"" 


.090 
.065 

t 












1 




r 


. 


..__. 





.006 
.004 



NOTES: 

All dimensions in inches 
Leads are gold-plated kovar 
Package weight is 0.8 gram 



.395 
.365 
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PACKAGE OUTLINES 
DIP 



in accordance with 

JEDEC(T0-1 16) outline 

14-Pin Ceramic Dual In-Line 



16-Pin Ceramic Dual In-Line 



r^ ^ r^ A f^ A r^ j 



6A 



.025 R 
NOM. 





.750 


t 

271 
245 

1 


8 1 

9 16 



6B 



.025 R 
' NOM. 



V W V V V V V 



ITTX^TV'VVVTr 



.065 
.045 






.310 
"'- .290 


1 


' 
















II 






\ 



.200 
MAX. 



.165 -llO^I J .037 

.100 .090 I' I .027 

TYP STANDOFF 

WIDTH 



.095 
.065 



.375„ 
NOM. 









! ! 

' .090 1 


-037. i 
^ .027 ^^' 


- 




NOTES: 

All dimensions in inches 

Leads are intended for insertion in hole 

rows on .300" centers 
They are purposely shipped with "positive" 

misalignment to faciliate insertion 
Board-drilling dimensions should equal your 

practice for .020" diameter lead 
Leads are tin-plated kovar 
Package weight is 2.0 grams 



NOTES: 

All dimensions in inches 

Leads are intended for insertion in hole 

rows on .300" centers 
They are purposely shipped with "positive" 

misalignment to facilitate insertion 
Board-drilling dimensions should equal your 

practice for .020" diameter lead 
Leads are tin-plated kovar 
Package weight is 2.0 grams 
*The .037/. 027 dimension does not apply to 

the corner leads 



24-Pin Ceramic Dual In-Line 



.380 
NOM. 



iV\Azvvvyvvy]iA^ 



J L -065 
1 r .045 



^ ^.090^ 



6Q 



Ue-4 

r^N' 



I .020 MIN. 1 1 I ) 1 1 



4. 



.020 
.016 



_ .500 „ 
MAX. 



NOTES: 

All dimensions in inches 

Leads are intended for insertion in hole 

rows on .400" centers 
They are purposely shipped with "positive" 

misalignment to facilitate insertion 
Board-drilling dimensions should equal your 

practice for .020" diameter lead 
Leads are tin-plated kovar 
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PACKAGE OUTLINES 



14-Pin Ceramic Dual In-Line 



18-Pin Ceramic Dual In-Line 




.037 
.090 '" '' .027 
TYP STANDOFF 



NOTES: 

All dimensions in Inches 

Leads are intended for insertion in hole 

rows on .300" centers 
They are purposely shipped with "positive" 

misalignment to facilitate insertion 
Board-drilling dimensions should equal your 

practice for .020" diameter lead 
Leads are tin-plated kovar 
Package weight is 2.0 grams 



7D 



hAr^^Ar^Ar^/ll 







NOTES 

All dimensions in inches 

Leads are intended for insertion in hole 

rows on .300" centers 
They are purposely shipped with "positive" 

misalignment to facilitate insertion 
Board-drilling dimensions should equal your 

practice for .020" diameter lead 
Leads are tin-plated kovar 
*The .037/. 027 dimension does not apply to 

the corner leads 



16-Pin Ceramic Dual In-Line 




NOTES 

All dimensions in inches 

Leads are intended for insertion in hole 

rows on .300" centers 
They are purposely shipped with "positive" 

misalignment to facilitate insertion 
Board-drilling dimensions should equal your 

practice for .020" diameter lead 
Leads are tin-plated kovar 
Package weight is 2.2 grams 
*The .037/. 027 dimension does not apply to 

the corner leads 
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PACKAGE OUTLINES 



14-Pin Plastic Dual In-Line 



16-Pin Plastic Dual In-Line 



^A^r^r^^^j^ 



o 



"1 r^ nAR ^^ 




hr^ r^ A (^ A i^rl 



LJV y y ^rJ y ijy 



9B 




Seating | 
Plane .77 




.375 
NOM. 




.110 , ^ 037 Jl 020 
.090 I f^ 027 it .015 
TYP STANDOFF 

WIDTH 



i* .375 NOM. 



NOTES: 

All dimensions in inches 

Leads are intended for insertion in hole 

rows on .300" centers 
They are purposely shipped with "positive" 
misalignment to facilitate Insertion 
Board-drilling dimensions should equal your 

practice for .020" diameter lead 
Leads are tin-plated kovar 
Package weight is 0.9 gram 



NOTES: 

All dimensions in inches 

Leads are intended for insertion in hole 

rows on .300" centers 
They are purposely shipped with "positive" 

misalignment to facilitate insertion 
Board-drilling dimensions should equal your 

practice for .020" diameter lead 
Leads are tin-plated kovar 
Package weight is 0.9 gram 
*The .037/. 027 dimensions does not apply to 

the corner leads 
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PACKAGE OUTLINES 



18>Pin Plastic Dual In-Line 




.050 -iJ U 



jL.020 J.lloL 
TYP. 



NOTES: 

All dimensions in inches 

Leads are intended for insertion in hole 

rows on .300" centers 

They are purposely shipped with "positive" 

misalignment to facilitate insertion 
Board-drilling dimensions should equal your 

practice for .020" diameter lead 
Leads are tin-plated kovar 



24-Pin Plastic Dual In-Line 



24-Pin Plastic Dual In-Line 



9N 



9U 




^ 090 ^ ^ .027 
TYP STANDOFF 

WIDTH 



NOTES: 

All dimensions in inches 

Leads are intended for insertion in hole 

rows on .600" centers 
They are purposely shipped with "positive" 

misalignment to facilitate insertion 
Leads are tin-plated kovar 
Package weight is 2.7 grams 



NOM. 

i 



A^^AAAZW^iAAZ:iZl 



J L -065 



*\ L^ 



;= 



^ f^090 



.037 

.027 

STANDOFF 

WIDTH 



A 



^4Q0_^ 

r^NOM:n 

m 



020 
016 



_ 500 ^ 
MAX. 



NOTES: 

All dimensions in inches 

Leads are intended for insertion in hole 

rows on .400" centers 
They are purposely shipped with "positive" 

misalignment to facilitate insertion 
Board-drilling dimensions should equal your 

practice for .020" diameter lead 
Leads are tin-plated kovar 
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FAIRCHILD FIELD SALES OFFICES, 
SALES REPRESENTATIVES AND 
DISTRIBUTOR LOCATIONS 



1 



FAIRCHILD FRANCHISED DISTRIBUTORS 



ALABAMA 

HALLMARK ELECTRONICS 

4739 Commercial Drive 

Huntsville, Alabama 35805 

Tel: 205-837-8700 TWX: 810-726-2187 

HAMILTON/AVNET ELECTRONICS 
805 Oster Drive, N.W. 
Huntsville, Alabama 35805 
Tel: 205-533-1170 

Telex; None — use HAMAVLECB DAL 73-051 1 
(Regional Hq. in Dallas, Texas) 

ARIZONA 

HAMILTON/AVNET ELECTRONICS 

2615 S. 21st Street 

Phoenix, Arizona 85034 

Tel: 602-275-7851 TWX: 910-951-1535 

LIBERTY ELECTRONICS/ARIZONA 

3130 N. 27th Avenue 

Phoenix, Arizona 85016 

Tel: 602-257-1272 TWX: 910-951-4282 

CALIFORNIA 

AVNET ELECTRONICS 

10916 W. Washington Blvd. 

Culver City, California 90230 

Tel: 213-558-2345 TWX: 910-340-6364 

BELL INDUSTRIES 

Electronic Distributor Division 

1 161 N. Fair Oaks Avenue 

Sunnyvale, California 94086 

Tel: 408-734-8570 TWX: 910-339-9378 

ELMAR ELECTRONICS 

2288 Charleston Rd. 

Mountain View, California 94042 

Tel: 415-961-3611 TWX: 910-379-6437 

HAMILTON ELECTRO SALES 
10912 W. Washington Blvd. 
Culver City, California 90230 
Tel: 213-558-2121 TWX: 910-340-6364 

HAMILTON/AVNET ELECTRONICS 
575 E. Middlefield Road 
Mountain View. California 94040 
Tel: 415-961-7000 TWX: 910-379-6486 

HAMILTON/AVNET ELECTRONICS 

8917 Complex Drive 

San Diego, California 92123 

Tel: 714-279-2421 

Telex: HAMAVELEC SDG 69-5415 

G.S. MARSHALL COMPANY 

9674 Telstar Avenue 

El Monte, California 91731 

Tel: 213-686-0141 TWX: 910-587-1565 

G.S. MARSHALL COMPANY 
17975Skypark Blvd. 
Irvine, California 92707 
Tel: 714-556-6400 

G.S. MARSHALL COMPANY 

8057 Raytheon Rd., Suite 1 

San Diego, California 921 1 1 

Tel: 714-278-6350 TWX: 910-335-1 191 

LIBERTY ELECTRONICS 

124 Maryland Street 

El Segundo, California 90245 

Tel: 213-322-8100 TWX: 910-348-71 1 1 

LIBERTY ELECTRONICS/SAN DIEGO 

8248 Mercury Court 

San Diego, California 921 1 1 

Tel: 714-565-9171 TWX: 910-335-1590 



COLORADO 

ELMAR ELECTRONICS 

6777 E. 50th Avenue 

Commerce City, Colorado 80022 

Tel: 303-287-9611 TWX: 910-936-0770 

G.S. MARSHALL COMPANY 

5633 Kendall Court 

Arvada, Colorado 80002 

Tel: 303-423-9670 TWX: 910-938 2902 

HAMILTON/AVNET ELECTRONICS 

5921 N. Broadway 

Denver, Colorado 80216 

Tel: 303-534-1212 TWX: 910-931-0510 

CONNECTICUT 

HAMILTON/AVNET ELECTRONICS 
643 Danbury Road 
Georgetown, Connecticut 06829 
Tel: 203-762-0361 
TWX: None ~ use 710-897-1405 

(Regional Hq. in Mt. Laurel. N.J.) 

HARVEY ELECTRONICS 
112 Main Street 
Norwalk, Connecticut 06851 
Tel: 203-853-1515 

SCHWEBER ELECTRONICS 
Finance Drive 
Commerce Industrial Park 
Danbury, Connecticut 06810 
Tel: 203-792-3500 

FLORIDA 

HALLMARK ELECTRONICS 

1302 W. McNab Road 

Ft. Lauderdale, Florida 33309 

Tel: 305-971 -9280 TWX: 510-956-3092 

HALLMARK ELECTRONICS 

7233 Lake Ellenor Drive 

Orlando, Florida 32809 

Tel: 305-855-4020 TWX: 810-850-0183 

HAMILTON/AVNET ELECTRONICS 

4020 North 29th Avenue 

Hollywood, Florida 33021 

Tel: 305-925-5401 TWX: 510-954-9808 

SCHWEBER ELECTRONICS 

2830 North 28th Terrace 

Hollywood, Florida 33020 

Tel: 305-927-0511 TWX: 510-954-0304 



GEORGIA 

HAMILTON/AVNET ELECTRONICS 
6700 Interstate 85 Access Road, Suite IE 
Norcross, Ga. 30071 
Tel: 404-448-0800 

Telex: None — use HAMAVLECB DAL 73-051 1 
(Regional Hq. in Dallas, Texas) 

SCHWEBER ELECTRONICS 
4126 Pleasantdale Rd., Suite 14 
Atlanta, Ga. 30340 
Tel: 404-449-9170 

ILLINOIS 

ALLIED ELECTRONICS 
1355 Sleepy Hollow Road 
Elgin, Illinois 60120 
Tel: 312-697-8200 
Telex: 72-2465 or 72-2466 

KIERULFF ELECTRONICS 

9340 Williams Street 

Rosemont, Illinois 60018 

Tel: 31 2-678-8560 TWX: 910-227-3166 



HAMILTON/AVNET ELECTRONICS 

3901 N. 25th Avenue 

Schiller Park, Illinois 60176 

Tel: 312-678-6310 TWX: 910-227-0060 

SCHWEBER ELECTRONICS, INC. 

1 380 Jarvis Ave. 

Elk Grove Village, III. 60007 

Tel: 312-593-2740 TWX: 910-222-3453 

SEMICONDUCTOR SPECIALISTS, INC. 

(mailing address) 

O'Hare International Airport 

P.O. Box 66125 

Chicago, Illinois 60666 

(shipping address) 

195 Spangler Avenue 

Elmhurst Industrial Park 

Elmhurst, Illinois 60126 

Tel: 31 2-279-1000 TWX: 910-254-0169 

INDIANA 

PIONEER INDIANA ELECTRONICS, INC. 

6408 Castleplace Drive 

Indianapolis, Indiana 46250 

Tel: 31 7-849-7300 TWX: 810-260-1794 

SEMICONDUCTOR SPECIALISTS, INC. 
(mailing address) 
Weir Cook Airport 
P.O. Box 41630 
Indianapolis, Indiana 46241 

(shipping address) 

1885 Banner Ave. 

Indianapolis, Indiana 46241 

Tel: 317-243-8271 TWX: 810-341-3126 

IOWA 

SCHWEBER ELECTRONICS 
Suite 302, Executive Plaza 
4403 First Avenue SE. 
Cedar Rapids, Iowa 52402 
Tel: 319-393-9125 

KANSAS 

HAMILTON/AVNET ELECTRONICS 
37 Lenexa Industrial Center 
9900 Pflumm Road 
Lenexa, Kansas 66215 
Tel: 913-888-8900 
Telex: None — use HAMAVLECB DAL 73-051 1 
(Regional Hq. in Dallas, Texas) 

LOUISIANA 

STERLING ELECTRONICS CORP. 

4613 Fairfield 

Metairie, Louisiana 70002 

Tel: 504-887-7610 

Telex: STERLE LEC MRIE 58-328 

MARYLAND 

HAMILTON/AVNET ELECTRONICS 

(mailing address) 

Friendship International Airport 

P.O. Box 8647 

Baltimore, Maryland 21240 

(shipping address) 

7255 Standard Drive 

Hanover, Maryland 21076 

Tel: 301 -796-5000 TWX: 710-862-1861 

Telex: HAMAVLECA HNVE 87-968 

SCHWEBER ELECTRONICS 

5640 Fisher Lane 

Rockville, Maryland 20852 

Tel: 301 -881 -2970 TWX: 710-828-0536 

PIONEER WASHINGTON ELECTRONICS, INC. 

9100Gaither Road 

Gaithersburg, Maryland 20760 

Tel: 301 -948-0710 TWX: 710-828-9784 



I 
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FAIRCHILD FRANCHISED DISTRIBUTORS (Cont d) 



MASSACHUSETTS 

GERBER ELECTRONICS 

852 Providence Highway 

U.S. Route 1 

Dedham, Massachusetts 02026 

Tel: 617-329-2400 

HAMILTON/AVNET ELECTRONICS 
185 Cambridge Street 
Burlington, Massachusetts 01803 
Tel: 617 273-21 20 TWX: 710-332 1201 

HARVEY ELECTRONICS 

44 Hartwell Ave. 

Lexington, Massachusetts 02173 

Tel: 617-861-9200 

KIERULFF ELECTRONICS 

13 Fortune Drive 

Billerica, Massachusetts 01865 

Tel: 617-667-8331 (Local) 

61 7-935-51 34 (from Boston Area) 
TWX: 710-390-1449 

SCHWEBER ELECTRONICS 
213 Third Avenue 
Waltham, Massachusetts 021 54 
Tel: 617-890-8484 



MICHIGAN 

HAMILTON/AVNET ELECTRONICS 

12870 Farmington Rd. 

Livonia, Michigan 48150 

Tel: 313-522-4700 TWX: 810-242-8775 

PIONEER/DETROIT 
13485 Stamford 
Livonia, Michigan 48150 
Tel: 313-525-1800 

SCHWEBER ELECTRONICS 
86 Executive Drive 
Troy, Michigan 48084 
ThI 313-583-9242 

SHERIDAN SALES CO 

24543 Indoplex Drive (PO Box 529) 

Farmington, Mich 48024 

Tel: 313-477 3800 



MINNESOTA 

HAMILTON/AVNET ELECTRONICS 
7683 Washington Ave. South 
Edina, Minnesota 55435 
Tel: 612-941-3801 
TWX: None - use 910-227-0060 
(Regional Hq m Chicago, III ) 

SCHWEBER ELECTRONICS 
7015 Washington Ave. South 
Edina, Minnesota 55435 
Tel: 612-941-5280 

SEMICONDUCTOR SPECIALISTS, INC 
8030 Cedar Avenue South 
Minneapolis, Minnesota 55420 
Tel: 612-854-8841 TWX 910-576-2812 



MISSOURI 

HAMILTON/AVNET ELECTRONICS 

364 Brookes Lane 

Hazelwood, Missouri 63042 

Tel: 314-731-1144. 

Telex: HAMAVLECA HAZW 44 2348 

SEMICONDUCTOR SPECIALISTS, INC 

3805 N. Oak Trafficway 

Kansas City, Mo. 64116 

Tel: 81 6-452-3900 TWX: 910-771 2114 

SEMICONDUCTOR SPECIALISTS, INC 

Lakeview Square 

1020 Anglum Road 

Hazelwood, Missouri 63042 

Tel: 314-731 -2400 TWX: 910 762-0645 



NEW JERSEY 

HAMILTON/AVNET ELECTRONICS 

1 13 Gaither Drive 

East Gate Industrial Park 

Mt. Laurel, N.J. 08057 

Tel: 609-234-21 33 TWX: 710-897 1405 

HAMILTON/AVNET ELECTRONICS 

218 Little Falls Road 

Cedar Grove, New Jersey 07009 

Tel: 201 -239-0800 TWX 710 994 5787 

KIERULFF ELECTRONICS 

#5 Industrial Drive 

Rutherford, New Jersey 07070 

Tel: 201 -935-21 20 TWX. 710-989 0225 

STERLING ELECTRONICS 

774 Pfeiffer Blvd. 

Perth Amboy, N.J 08861 

Tel: 201 -442-8000 Telex 138-679 

SCHWEBER ELECTRONICS 

43 Belmont Drive 

Somerset, N.J. 08873 

Tel: 201 -469-6008 TWX. 710 480-4733 

NEW MEXICO 

CENTURY ELECTRONICS 

121 Elizabeth, N E 

Albuquerque, New Mexico 87123 

Tel. 505-292-2700 TWX 910-989 0625 

HAMILTON/AVNET ELECTRONICS 
2450 Baylor Dr. S E 
Albuquerque, New Mexico 871 19 
Tel: 505-765-1500 
TWX None -- use 910-379-6486 

(Regional Kq m Ml View, Ca ) 

NEW YORK 

HAMILTON/AVNET ELECTRONICS 

167 Clay Road 

Rochester, New York 14623 

Tel: 716-442-7820 

TWX: None — use 710 332-1201 

(Regional Hq m Burlington, Mass ) 

HAMILTON/AVNET ELECTRONICS 

6500 Joy Road 

E Syracuse, New York 13057 

Tel 315-437-2642 TWX 710 541 0959 

HAMILTON/AVNET ELECTRONICS 

70 State Street 

Westbury, LI . New York 1 1 590 

Tel 516-333-5800 TWX 510-222-8237 

SCHWEBER ELECTRONICS 

Jericho Turnpike 

Westbury, L.I., New York 1 1590 

Tel 516-334-7474 TWX. 510 222 3660 

SCHWEBER ELECTRONICS, INC 
2 Town Line Circle 
Rochester, New York 14623 
Tel: 716-461-4000 

SEMICONDUCTOR CONCEPTS 

195 Engineers Rd 

Hauppauge, New York 1 1 787 

Tel 516-273-1234 TWX 510-227 6232 

SUMMIT DISTRIBUTORS. INC. 

916 Mam Street 

Buffalo, New York 14202 

Tel: 71 6-884-3450 TWX: 710-522-1692 

NORTH CAROLINA 

HALLMARK ELECTRONICS 

3000 Industrial Drive 

Raleigh, North Carolina 27609 

Tel: 919-832 4465 TWX: 510 928 1831 

PIONEER/CAROLINA ELECTRONICS 
2906 Baltic Avenue 
Greensboro, North Carolina 27406 
Tel: 919-273-4441 



OHIO 

ARROW ELECTRONICS, INC 

3100 Plamfield Road 

Kettering, Ohio 45429 

Tel. 513-253-9176 TWX 810 459 1611 

HAMILTON/AVNET ELECTRONICS 
761 Beta Drive, Suite "E' 
Cleveland, Ohio 44143 
Tel 216-461-1400 
TWX None - use 910-227-0060 
(Regional Hq m Chicago, III ) 

HAMILTON/AVNET ELECTRONICS 

118 Westpark Road 

Dayton, Ohio 45459 

Tel 513-433-0610 TWX 810-450 2531 

ROCHESTER RADIO SUPPLY CO , INC 

140 W Mam Street 

(PO. Box 1971) 

Rochester, New York 14603 

Tel 716-454-7800 

PIONEER/CLEVELAND 
4800 East 131st Street 
Cleveland, Ohio 44105 
Tel 216 587 3600 

SCHWEBER ELECTRONICS 

23880 Commerce Park Road 

Beachwood, Ohio 441 22 

Tel 216-464-2970 TWX 810-427 9441 

SHERIDAN SALES COMPANY 

23224 Commerce Park Road 

Beachwood Ohio 44122 

Tel 216-831 -0130 TWX 810-427-2957 

SHEF{IDAN SALES CO 
(mailing address) 
P O Box 37826 
Cincinnati, Ohio 45222 

(shipping address) 

10 Knoilcrest Drive 

Reading, Ohio 45237 

Tel 513 761 5432 TWX 810-461 2670 

OKLAHOMA 

HALLMARK ELECTRONICS 

4846 South 83rd East Avenue 

Tulsa, Oklahoma 74145 

Tel 918-835-8458 TWX: 910-845-2290 

PENNSYLVANIA 

HALLMARK ELECTRONICS. INC 

458 Pike Road 

Huntingdon Valley. Pennsylvania 19006 

Tel: 215 355-7300 TWX: 510-667-1727 

PIONEER/DELWARE VALLEY, INC. 

203 Witmer Rd. 

Horsham, Pennsylvania 19044 

Tel: 215-674-5710 (from Pennsylvania phones) 

Tel: 609-541 1 120 (from New Jersey phones) 

PIONEER ELECTRONICS, INC. 

560 Alpha Drive 

Pittsburgh, Pennsylvania 15238 

Tel: 41 2-782-2300 TWX: 710-795-3122 

SHERIDAN SALES COMPANY 

1717 Penn Ave. 

Suite 5009 

Pittsburgh, Pennsylvania 15221 

Tel: 412-244-1640 



TEXAS 

HAMILTON/AVNET ELECTRONICS 

4445 Sigma Road 

Dallas, Texas 75240 

lel: 214-661-8661 

Telex. HAMAVLECB DAL 73 051 1 
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FAIRCHILD FRANCHISED DISTRIBUTORS (Cont'd) 



TEXAS 

HAMILTON/AVNET ELECTRONICS 

1216 West Clay 

Houston. Texas 77019 

Tel: 713-526-4661 

Telex: HAMAVLECB HOU 76-2589 

NORVELL ELECTRONICS. INC. 

10210 Monroe Drive 

(P.O. Box 20279) 

Dallas. Texas 75220 

Tel: 214-350-6771 TWX: 910-861-4512 

NORVELL ELECTRONICS, INC. 

6440 Hillcroft Avenue 

Houston, Texas 77036 

Tel: 71 3-774-2568 TWX: 910-881-2560 

SCHWfBER ELECTRONICS, INC 

2628 Longhorn Blvd. 

Austin. Texas 78758 

Tel: 51 2-837-2890 TWX: 910-874 1359 

SCHWEBER ELECTRONICS, INC. 

14177 Proton Road 

Dallas, Texas 75240 

Tel: 214-661 -5010 TWX: 910-860-5493 

SCHWEBER ELECTRONICS, INC 

7420 Harwin Drive 

Houston, Texas 77036 

Tel: 71 3-784-3600 TWX: 910-881-1109 

STERLING ELECTRONICS 

4201 Southwest Freeway 

Houston, Texas 77027 

Tel: 71 3-627-9800 TWX: 910-881-5042 

Telex: STELECO HOUA 77-5299 

UTAH 

CENTURY ELECTRONICS 
2150 South 300 West 
Salt Lake City. Utah 84115 
Tel: 801-487-8551 

HAMILTON/AVNET ELECTRONICS 

647 W. Billinis Rd. 

Salt Lake City, Utah 84119 

Tel: 801-262-8451 

TWX: None — use 910-379-6486 

(Regional Hq. m Mt. View, Ca.) 

WASHINGTON 

HAMILTON/AVNET ELECTRONICS 

13407 Northrup Way 

Bellevue, Washington 98005 

Tel: 206-746-8750 TWX: 910-443 2449 



WASHINGTON 

LIBERTY ELECTRONICS 

5305 2nd Ave South 

Seattle, Washington 98108 

Tel: 206-763-8200 TWX: 910-444 1379 

WISCONSIN 

HAMILTON/AVNET ELECTRONICS 
6055 N Santa Monica Blvd. 
Whitefish Bay, Wisconsin 53717 
Tel 414-964-3482 

MARSH ELECTRONICS, INC 

6047 Beloit Road 

Milwaukee, Wisconsin 53219 

Tel 414-545 6500 TWX 910 262 3321 

SEMICONDUCTOR SPECIALISTS, INC 

10855 W Potter Road 

Wauwatosa, Wisconsin 53226 

Tel 414-257-1330 TWX 910 262 3022 

CANADA 

CAM GARD SUPPLY LTD 

640 42nd Avenue S.E 

Calgary. Alberta, T2G 1Y6, Canada 

Tel: 403-287-0520 Telex: 03-82281 1 

CAM GARD SUPPLY LTD 

10505 111th Street 

Edmonton, Alberta, T5H 3E8, Canada 

Tel: 403-426-1805 Telex: 03-72960 

CAM GARD SUPPLY LTD 

4910 52nd Street 

Red Deer, Alberta, T4N 2C8, Canada 

Tel: 403-346-2088 



CAM GARD SUPPLY LTD 

825 Notre Dame Drive 

Kamloops, British Columbia, V2C 5N8, Canada 

Tel: 604-372-3338 



CAM GARD SUPPLY LTD 

1777 Ellice Avenue 

Winnepeg, Manitoba, R3H 0W5, Canada 

Tel: 204-786-8401 Telex: 07-57622 



CAM GARD SUPPLY LTD. 

Rookwood Avenue 

Fredericton, New Brunswick. E3B 4Y9. Canada 

Tel: 506-455-8891 

CAM GARD SUPPLY LTD. 

15 Mount Royal Blvd. 

Moncton, New Brunswick. ETC 8N6, Canada 

Tel: 506-855-2200 



CANADA 

CAM GARD SUPPLY LTD. 

Courtenay Center 

Saint John, New Brunswick, E2L 2X6. Canada 

Tel: 506-657-4666 Telex: 01 -447489 

CAM GARD SUPPLY LTD 

3065 Robie Street 

Halifax, Nova Scotia, B3K 4P6, Canada 

Tel: 902-454-8581 Telex: 01 -921528 

CAM GARD SUPPLY LTD 

1303 Scarth Street 

Regina, Saskatchewan, S4R 27, Canada 

Tel: 306 525 131 7 Telex: 07 12667 

CAM GARD SUPPLY LTD. 

1501 Ontario Avenue 

Saskatoon, Saskatchewan, S7K 17, Canada 

Tel: 306-652-6424 Telex: 07-42825 

ELECTRO SONIC INDUSTRIAL SALES 

(TORONTO) LTD. 

1100 Gordon Baker Rd 

Willowdale. Ontario. M2H 3B3, Canada 

Tel 416-494-1666 

Telex: ESSCO TOR 06-22030 

HAMILTON/AVNET INTERNATIONAL 
(CANADA) LTD, 
6291 Dorman Rd., Unit ff16 
Mississauga, Ontario, L4V 1 H2, Canada 
Tel: 416-677-7432 TWX: 610-492 8867 

HAMILTON/AVNET INTERNATIONAL 
(CANADA) LTD. 
1 735 Courtwood Crescent 
Ottawa, Ontario, K1Z, 5L9, Canada 
Tel: 613-226-1700 

HAMILTON/AVNET INTERNATIONAL 

(CANADA) LTD 

2670 Paulus Street 

St Laurent, Quebec, H4S 1G2, Canada 

Tel 514-331 -6443 TWX 610-421-3731 

R.A.E. INDUSTRIAL ELECTRONICS, LTD. 
1629 Mam Street 

Vancouver, British Columbia, V6A 2W5, Canada 
Tel: 604-687-2621 TWX: 610-929-3065 
Telex: RAE-VCR 04-54550 



SCHWEBER ELECTRONICS 

2724 Rena Road 

Mississauga, Ontario, L4T 3J9, Canada 

Tel: 416-678-9050 



I 
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FAIRCHILD SALES REPRESENTATIVES 



ALABAMA 

CARTWRIGHT & BEAN, INC. 
901 Magnolia Drive, N.W. 
Huntsville, Alabama 35805 
Tel: 205-533-3509 

CALIFORNIA 

CELTEC COMPANY 

7380 Clairemont Mesa Blvd., Suite 109 

San Diego, California 921 1 1 

Tel; 714-279-7961 TWX: 910-335-1512 

CELTEC COMPANY 

2041 Business Center Drive, Suite 211 

Irvine, California 92664 

Tel: 714-752-6111 TWX: 910-595-2512 

CELTEC COMPANY 

6767 Forest Lawn Drive 

Los Angeles, California 90068 

Tel: 213-874-6002 TWX: 910-321-2884 

MAGNA SALES, INC. 

3080 Olcott Street, Suite 21 OA 

Santa Clara, California 95050 

Tel: 408-985-1750 TWX: 910-338-0241 



COLORADO 

SIMPSON ASSOCIATES, INC 

2552 Ridge Road 

Littleton, Colorado 80120 

Tel: 303-794-8381 TWX: 910-935-0719 

CONNECTICUT 

LORAC SALES, INC. 

2777 Summer Street 

Stamford, Connecticut 06905 

Tel: 203-348-7701 TWX: 710-474-1763 



FLORIDA 

WMM ASSOCIATES, INC. 
101 Wymore Road, Suite 300 
Altamonte Springs, Florida 32701 
Tel: 305-862-4700 TWX: 810-853-0263 

WMM ASSOCIATES, INC 

1822 Drew Street 

Clearwater, Florida 33519 

Tel: 813-447 2533 TWX: 810-866 4108 

WMM ASSOCIATES, INC 

1628 E.Atlantic Blvd. 

Pompano Beach, Florida 33060 

Tel: 305-943-3091 TWX: 510-956-9891 



GEORGIA 

CARTWRIGHT & BEAN, INC 

P.O. Box 52846 

90 W. Wieuca Square, Suite 1 55 

Atlanta, Georgia 30342 

Tel: 404-255-5262 TWX: 810-751-3220 

INDIANA 

LESLIE M. DEVOE COMPANY 

7172 North Keystone Ave , Suite C 

Indianapolis, Indiana 46240 

Tel: 317-257-1227 TWX: 810-341-3284 

KANSAS 

B.C. ELECTRONIC SALES, INC 

1015 West Santa Fe 

Olathe, Kansas 66061 

Tel: 91 3-782-6696 TWX: 910-749-6414 



B.C. ELECTRONIC SALES, INC. 
1229 South Paige 
Wichita, Kansas 67207 
Tel: 316-686-3394 

MARYLAND 

L.D. LOWERY 

5801 Annapolis Road, Suite 500 

Bladensburg, Maryland 20710 

Tel: 301-277-6565 TWX: 710-826-9654 

MASSACHUSETTS 

SPECTRUM ASSOCIATES, INC. 

888 Worcester Street 

Wellesley, Massachusetts 02181 

Tel: 617-237-2796 TWX: 710-348-0424 

MICHIGAN 

RATHSBURG ASSOCIATES 

16621 E. Warren Ave. 

Detroit, Michigan 48224 

Tel: 313 882 1717 Telex: 23-5229 

MINNESOTA 

PSI COMPANY 

7710 Computer Avenue 

Minneapolis, Minnesota 55435 

Tel: 612-835-1777 TWX: 910-576 2740 

MISSISSIPPI 

CARTWRIGHT & BEAN, INC. 
P.O Box 3730 
5250 Galaxy Drive, Suite J 
Jackson, Mississippi 39207 
Tel: 601-981-1368 

MISSOURI 

B.C. ELECTRONIC SALES, INC. 

320 Brookes Drive, Suite 204 

Hazelwood, Missouri 63042 

Tel: 314-731 -1255 TWX: 910-762-0651 

NEW JERSEY 

LORAC SALES, INC. 

580 Valley Road 

Wayne, New Jersey 07470 

Tel: 201 -696-7070 TWX: 710 988 5846 

NEW YORK 

ADVANCED COMPONENTS, INC 

South Bay Road 

P.O. Box 276 

North Syracuse, New York 13212 

Tel: 315-699-2671 TWX: 710-541-0439 

LORAC SALES, INC 

275 Broadhollow Road 

Melville. LI., New York 1 1 746 

Tel: 516-293-2970 TWX: 510-224-6480 

SPECTRUM SALES, INC 
65 Circuit Avenue 
Tuckahoe, New York 10707 
Tel: 914-793-1660 

(Microwave Product Only) 

NORTH CAROLINA 

CARTWRIGHT & BEAN, INC. 
625 Harwyn Drive 
Charlotte, North Carolina 28215 
Tel: 704-333-6457 

CARTWRIGHT & BEAN. INC. 
P.O. Box 11209 
241 5-G Crabtree Blvd. 
Raleigh, North Carolina 27604 
Tel: 919-832-7128 



OHIO 

COMPONENTS, INC. 

16600 Sprague Rd. 

Cleveland, Ohio 44130 

Tel: 216-243-9200 TWX: 810-423-9435 

COMPONENTS, INC. 

9 Pierce Street 

West Carrollton, Ohio 45449 

Tel: 513-866-0661 

PENNSYLVANIA 

BGR ASSOCIATES 

500 Office Center 

Fort Washington Industrial Park 

Fort Washington, Pennsylvania 19034 

Tel: 215-643-4111 TWX: 510-665-1654 

L.D. LOWERY 

2801 West Chester Pike 

Broomall, Pennsylvania 19008 

Tel: 21 5-356-5300 or 21 5-528 51 70 

TENNESSEE 

CARTWRIGHT & BEAN, INC. 
P.O. Box 4760 
560 S. Cooper Street 
Memphis, Tennessee 38104 
Tel: 901-276-444:2 

CARTWRIGHT & BEAN, INC. 
8501 Kingston Pike 
Knoxville, Tennessee 37919 
Tel: 615-693-7450 

TEXAS 

TECHNICAL MARKETING 

4445 Alpha Road 

Dallas, Texas 75240 

Tel: 214-387-3601 TWX: 910-860-5158 

TECHNICAL MARKETING 
6430 Hillcroft, Suite 102 
Houston. Texas 77036 
Tel: 713-771-8466 

UTAH 

SIMPSON ASSOCIATES, INC 

2480 So. Main Street, Suite 105 

Salt Lake City. Utah 841 15 

Tel: 801-486-3731 TWX: 910 925-5253 

WASHINGTON 

QUADRA CORPORATION 

1621 - 114th Avenue S.E. 

Suite 212 

Bellevue, Washington 98004 

Tel: 206-454-4946 TWX: 910-443-2318 

WISCONSIN 

LARSEN ASSOCIATES 
1 0855 West Potter Road 
Wauwatosa, Wisconsin 53226 
Tel: 414-258-0529 

CANADA 

AVOTRONICS LIMITED 
200 Consumers Road, Suite 200 
Willowdale, Ontario, M2J 1P8, Canada 
Tel: 416-493-9711 

AVOTRONICS LIMITED 
6600 Trans Canada Highway, Suite 750 
Pointe Claire, Quebec, H9R 4S2, Canada 
Tel: 514-697-2135 TWX: 610-422-3908 
Telex: 05-821-762 
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/ circuitry described other than circuttry entirelv embodied in a Fairchiid product 
w- ^~-^,*'^**^^^ U.&:Ay2Q22- 12 0003-045/ 100M 



No other circuit patent licenses are implied. 



